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Apparatus for the Detection of Piezoelectric Coupling 


Lothar Frenkel 


(February 1, 1963) 


An apparatus for the investigation of the piezoelectric coupling in granular powders is 
described. The apparatus is based on the method of Giebe and Scheibe but employs the 
sensitive detection and recording methods commonly employed in the study of nuclear 
quadrupole resonances. Some sample recorder traces are shown. 


The traces indicate that 


the apparatus is a workable qualitative tool with at least the possibility of some quantitative 


usefulness. 


1. Apparatus for the Detection of Piezo- 
electric Coupling 


The standard method used for the qualitative 
determination of the presence of piezoelectric cou- 
pling in small crystals is that of Giebe and Scheibe 
{1, 2, 3]... In this method a sensitive oscillator is 
tuned over a frequency range in the short wave band. 
A small test capacitor is filled with the sample and 
put in parallel with the tuning condenser. 

When the oscillator frequency passes the mechani- 
cal resonance frequency of a grain of the material 
under test the grain is momentarily excited by 
piezoelectric coupling to the oscillating field and 
energy is absorbed by the grain from the oscillator. 
The oscillator output is monitored by a detector and 
a pair of earphones which register the resonances as 
clicks. This method of detecting is rather cumber- 
some, of limited sensitivity and inherently difficult 
to use quantitatively. 

In recent years interest in radiofrequency spectros- 
copy has led to a number of simple and sensitive 
instruments for the detection and measurement of 
minute absorptions of radiofrequency energies which 
could very well be used for the study of weakly 
piezoelectric substances. 

Livingston [4] noted that the apparatus used by 
him to study the pure nuclear quadrupole resonance 
of Cl in sodium chlorate registered spurious signals 
at various frequencies which he interpreted as piezo- 


electric responses of grains of the substance under 


study in the coil of the oscillator. The stray electric 
fields across the coil of his oscillator presumably 
caused the response of the grains. 


1 Figures in brackets indicate the literature references at the end of this paper. 
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Having observed this effect independently during 
a study of nuclear quadrupole resonances, we pro- 
ceeded to investigate the response of our equipment 
to grains placed, as in the method of Giebe and 
Scheibe, in a small capacitor. We found that this 
combination of the Giebe and Scheibe method with 
techniques commonly employed in nuclear resonance 
studies does indeed result in a very sensitive detector 
for piezoelectric coupling. 
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Figure 1. Block diagram of apparatus. 





2. Descriptions of Apparatus 


A block 
figure 1. 


aus ral 


diagram of our apparatus is given in 
The oscillator, a 6AF4 triode, is arranged 
superregenerative detector with a quench 
frequency of approximately 30 ke/s. Three indi- 
vidual capacitors make up the capacitance in the 
tank circuit. Their functions are as follows: 

(1) A variable tuning capacitor driven by a small 
clock motor allows the center frequency to be swept 
slowly over a range of about 1 Mc/s in the vicinity of 
25 Me/s; (2) a vibrating capacitor made out of a 
small loudspeaker modulates the frequency of the 
oscillator by a maximum of about 10 ke/s from the 
instantaneous center frequency. The modulating 
frequency is 60 ¢/s.; (3) finally, a small test capacitor 
(shown in fig. 2) holds the sample under test. 

If the center frequency of the oscillator coincides 
with the mechanical resonance frequency of a grain 
the oscillator will be loaded twice in every complete 
cycle of modulation; i.e., each time the modulation 
amplitude is zero. This results in a signal of twice 
the modulation frequency at the oscillator plate. 
This signal is filtered and amplified in a four-stage 
low noise audio amplifier. ‘To minimize noise the 
signal is then chopped at twice the modulation 
frequency and the chopped signal is integrated in an 
RC network with a long time constant. The output 
from the integrating capacitor may be displayed on 
a recorder after suitable amplification. 

We have made no attempt to analyze the recorder 
responses theoretically. Clearly the signal seen on 
the recorder as the frequency of the oscillator is 
slowly swept depends on a large number of variables 
such as the quench frequency of the superregenerative 
detector, the modulation amplitude, the chopper 
phase as well as on the number and shape of the 
grains in the sample. It should be noted that the 


FicgurRE 2. Sample holder. 





response in this device does not result from indi- 
vidual grains as in the methods of Giebe and Scheibe, 
but rather from the random number of grains having 
their mechanical resonances near the instantaneous 
center frequency. This is because the modulation 
frequency is much larger than the width of each 
grain’s mechanical resonance response. The signal 
to sample size relationship therefore is that of 
random fluctuations. 


3. Results 


To test the apparatus, a number of substances 
listed in reference 2 as having weak or very weak 
coupling were tried and the resulting tracks are 
shown in figure 3. Substances for which the cou- 
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FIGURE 3a. Recorder responses versus fre quency for substances 


placed in the test capacior. 


The top trace in figure 3b shows the background 
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Figure 3b. Recorder response versus frequency with material 


in the coil of the oscillator. 





NO SAMPLE | pling is very strong as seen by this deviceYare best 
| tested in the coil since the strong signals otherwise 
| saturate the amplifier. The traces for potassium 

Wee | iodate and ammonium tartrate in figure 3 were 
obtained in this way. 

For other materials, in particular barium nitrate 
and dibasic ammonium citrate, no tracks were seen. 

Potassium iodate is listed by Mason as having no 
coupling. In this material phase changes were first 
discovered by Hettich, [5] using the method of Giebe 
and Scheibe, and, more recently, both the piezo- 
electric and nuclear quadrupole characteristics of 
this material were investigated by Herlach, [6] who 
also discovered its ferro-electric properties. 

For such work the method described here would 
seem ideal, first, because nuclear quadrupole equip- 
ment is available and can be used with minor ch: anges 
for the investigation of piezoelectric coupling and 
secondly because the recorder traces may be evalu- 
ated in a semiquantitative way as regards the strength 
of the coupling. Figure 4, for instance, shows the 
effect of selecting grain size at equal settings. 


* 





The author is indebted to M. Greenspan and L. 
Bennett for advice, and to Van Johnson for sugges- 
tions concerning the electronics. 
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Large Aperture Interferometers With Small Beam 
Dividers 


James B. Saunders 


(April 3, 1963) 


This paper shows some practical interferometers for testing very large and very small 


specimens. 


This is accomplished by using a particular type of beam divider that operates 


near the vertex of a convergent or divergent beam of light that permits almost unlimited 


size fields of view. 


Thus very large or very small specimens can be tested. 


Also, the wave 


front reversing properties of this beam divider permit tests to be made without the necessity 
of using standards of reference, thus eliminating the requirement for large standards that 


are usually expensive and require large working areas. 


The principles of these interfer- 


ometers are so closely related to previously described instruments that very little additional 


explanation is required for an understanding of their operation. 
Késters prism type of interferometer are shown schematically. 


The testing of large specimens such as massive | 


optical elements has previously required large aper- 
ture interferometers. The sizes of interferometers, 
such as the Mach-Zehnder [1]! for wind tunnel 
work and the Twyman-Green [2] for testing large 
optical elements, have been limited primarily by the 
size of precision beam dividers that could be made. 
Large beam dividers require high grade optical glass 
and high precision surfaces. The distortion of 
large beam divider elements by gravity is also a 
significant factor. 

The application of divergent [3] and convergent 
beam interferometers permits the realization of much 
larger working spaces than can be obtained in the 
above-mentioned forms. ‘The limit in aperture size 
is equal to the aperture of the largest lenses and/or 
mirrors that can be produced. This paper illustrates 
a method for producing very large aperture interfer- 
ometers, with small beam dividers, that do not require 
reference standards. 

One example of a large field (or aperture) inter- 
ferometer for wind tunnel work is that described by 
Williams [4]. The beam divider of this instrument 
This 


is a modified Késters double-image prism. 
prism can be quite small and the end mirror can be 
quite large. 


The Késters double-image prism and_ other 
modifications [5] of it provide small beam dividers 
for a variety of large aperture interferometers. 
This prism has been used as the beam divider for a 
variety of interferometers whose aperture equals that 
of the prism. Figure la shows one of the earliest 
applications [6] of this prism. 

The difficulty of producing accurate prisms of 
large size and the difficulty of making optical glass 
sufficiently homogeneous in large pieces limits the 
size of this prism for precision interferometers. How- 
ever, large prisms are no longer required. They may 
be replaced by a small prism and large lens or mirror. 


1 Figures in brackets indicate the literature references at the end of this paper. 


Several variations of the 


The small size Késters prisms may be constructed 
and adjusted to a high degree of precision. Figure 
lb shows the arrangement of a prism-lens combina- 
tion that may replace the arrangement of figure la. 
The aperture of this interferometer (fig. 1b) is limited 
only by the size of the lens and optical flat. Chro- 
matic aberration in the lens does not affect the fringe 
pattern if monochromatic light is used. Spherical 
aberration does not affect the fringes or observed 
results if the indicated rays (in the zone that includes 
the reference point) are collimated. Chromatic and 
astigmatic aberrations are negligible if the lens has 
axial symmetry and the source is located on the axis. 
Consequently, axial symmetry (assuming the axis to 
lie in the dividing plane) is the only critical require- 
ment for the lens. Any accurately centered, ma- 
chine-polished lens, made of good glass, will meet the 
required specifications. 

A large interferometer for wind tunnel tests is 
shown in figure 2. This interferometer, with a differ- 
ent form of prism, was described by Williams [4]. 

The principal difference between the methods of 
analysis of data with a divergent beam interferometer 
such as that shown in figure 2 and conventional 
(parallel beam) interferometers for wind tunnel and 
other tests, is that spherical coordinate geometry is 
used for the former and rectangular coordinate geome- 
try is used for the latter. 

Since the Késters double-image prism is so well 
compensated, most interferometers in which it is 
applied may be used with white light. Also, when 
the optical path difference is near zero and the light 
beams suffer both division and recombination in one 
or two prisms, extended sources may be used. ‘These 
two features permit high intensity and high visibility 
both of which are favorable for instantaneous photog- 
raphy of results. When beam division or recombina- 
tion occurs only once in a prism, as in the alinement 
interferometers [7] of figure 3, the size of the source 
must be limited in one direction to a narrow slit 
or point. 
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Figure 4. An for measuring the refraction 


of gases. 


| Figure 4 shows the arrangements of optical ele- 
| ments of a refraction interferometer that was designed 
lor measuring the wavelength of light under ambient 
conditions. It is also quite practical for measuring 
the refractive indices of gases. The two coherent 
and parallel beams of light from the Késters prism 
a affected differently by having one traverse a 
1-m path that is controlled (either evacuated or filled 
with standard air) and the other traverse the same 
geometrical distance in ambient air. If the standard 
air space is evacuated the order of interference is a 
measure of the wavelength of light in the ambient air. 

A simple procedure for obtaining a column of air 
having an optical density equivalent to that of stand- 
ard air in the controlled space, is to start with the 
controlled space evacuated and the ambient space 
controlled to some desired temperature. Air is 
slowly introduced into the controlled space. This 
causes a change in the optical path difference and 
consequently the order of interference. The geomet- 
rical path in the controlled space and its change with 
temperature are known from previous measurements. 
Consequently, the difference in optical path, between 

vacuum and standard air in this space is known. The 
corresponding change in order of interference is ob- 
tained by adjusting the density in the controlled 
space to that of standard atmosphere. The space is 
then sealed by closing the inlet valve. The measured 
order of interference is then a measure of the differ- 
ence in optical path between standard and ambient 
air. 

The aperture of this interferometer may be in- 
creased by using a spherical base prism with a lens 
or mirror in the same manner as that illustrated i 
figure 1. 

Figure 5a represents the optics of an interferom- 
eter [8] for testing long blocks. Lenses or 
mirrors may also be used to increase the aperture of 
this interferometer, as is shown in figure 5b for use 
in wind tunnel optics, and for measuring the paral- 
lelism of faces on bodies of large section. 
Figure 6 shows the same instrument formed with 
parabolic mirrors replacing the lenses of figure 5b. 

Figures 2 and 7 indicate the range in size of 
spherical surfaces that may be tested interferometri- 
cally for departure from true spheres. The spherical 
surface, M, in figure 2 can be as large as the largest 
mirror ever made. The size of the ball, 2, in figure 
7 may have a diameter of only a fraction of a 
millimeter. 

The aperture of the surface plate interferometer 
[11], as previously described, is limited to approxi- 
mately 2 in. For testing large surface plates of 12 
to 20 ft in length a larger aperture is desirable. The 
method of increasing apertures, described here, is 
equally applicable to that of the surface plate 
interferometer. 
~ The usual functions of the interferometers de- 
scribed above (and also that of most other inter- 
ferometers) are either to compare a standard length 
or surface with an unknown, or the variation of 
density of fluids in one space with a homogenous 
space, or the difference in optical path between the 
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two component beams. The wave front reversing 
[5] properties of these interferometers permit meas- 
urements to be made without reference standards. 
This author [9] has described methods of obtaining 
many results without the use of standards for refer- 
ence. The aberrations of lenses and mirrors [10], 
the homogeneity of optical mediums, etc., may be 
obtained without reference standards. Conse- 


quently, very small prisms can be used with large 
lenses or mirrors to provide interferometers for test- 
ing specimens of all sizes without the use of reference 
standards. 
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A Far-Infrared Vacuum Grating Spectrometer 
L. R. Blaine ’ 


(March 


4, 1963) 


A far-infrared vacuum grating spectrometer has been designed, built and tested at the 


National Bureau of Standards. 
improvement for the past two years. 


This instrument has been in operation and under constant 
Its useful range of operation is from 30 to 400 cm. 


The detecting and dispersing elements are a Golay pneumatic detector and a series of 2443 


in. plane gratings. 
between 30 and 200 cm~, 

The far-infrared 
been observed and measured. 
em~'!, 164.5 em~', and 85 em; 
1 bromo-2-chloroethane, 


1. Introduction 


In recent years a renewed and enlarged interest 
has been aroused in the direct measurement of spectra 
below 200 cm~'. It is in this low frequency region 
that one observes absorption bands arising from the 
bending and twisting modes of complex molecules. 

This work is primarily concerned with the con- 
struction of an instrument of medium resolution that 
would be capable of observing and measuring these 
low lying frequencies. 


2. Equipment 


In order to design a vacuum instrument that would 
possess the convenience and adaptability necessary 
for the numerous phases of infrared research, four 
basic aims were used as guides: (1) the maintaining 
of a maximum level of source energy, (2) the use of 
window mounts that could easily be adapted to many 
situations, (3) the accessibility of optical components 
for convenient adjustment and interchange, and 
the allowance for subsequent improvements on the 
instrument, both in size and quality. 


2.1. Instrument Housing 


The instrument housing as shown in figures 1 and 
2 is divided into four separate chambers, each of 
which is accessible through one or more cover plates. 


These chambers are interconnected by three focal 
plane windows. Each window and cover plate is 
O-ring sealed and has its mounting holes indexed for 
rapid interchange and adaptation. 

The main section, composed of chambers C2 and 
C3, was fabricated from %s-in. aluminum plate. 
The plate was rolled into a cylinder 72 in. long 22 
in. in diameter. All of the joints were heli-are 
welded. Chambers Cl and C4 were fabricated 
from the same material and can be detached from 
the main housing. 


1 This work was done in partial fulfillment of the requirements for the degree 
of Master of Science for the Graduate School of the University of Maryland. 


absorptions of several halogenated ethanes in the 
The absorptions observed were: 
symmetric-tetrachloroethane, 
202.0 em™ and 123 cm, 


A spectral resolution of from 0.5 to 1.0 em~! has been attained in the region 


have 
175.5 
and 87 em”; 


’ 


liquid state 
pentachloroethane, 
172.0 em 


Chamber C1 houses the source and source optics 
(fig. 2). It may be flushed with a dry inert gas or 
evacuated as the research allows. Liquid or gas 
absorption cells up to 10 em in length may be 
placed in the path between M2 and W1. 

Chamber C2 is essentially a variable path gas 
absorption cell. The path length may be varied 
from 2to6m. The reflector, MR, is a six-position 
turret that is controlled from cover A3. On this 
turret plane reflectors are mounted and selected 
needed. 

The monochromator 
size to house a 
of 60 cm. At 


chamber C3 is of sufficient 
spectrometer having a focal length 
present a modified monochromator 
section of a Perkin-Elmer Model 12 single-beam 
spectrometer is being used. The grating turntable 
is driven by an externally located synchronous motor. 
An O-ring sealed shaft transmits the power through 
the vacuum wall at cover AS. The monochromator 
slits are driven by an electric motor located within 
the vacuum chamber. Slit motor and detector 
leads are brought outside through the Kovar seals 
in cover A7. Cover A6 provides for access to the 
grating and contains a glass window for observation 
purposes. Between C2 and C3 there is a separating 
window W2, which can be removed or installed as 
the research demands. This allows one to make use 
of the added path length of the monochromator 
whenever noncorrosive gases are being studied. 

Chamber C4 is used specifically to house the 
Golay pneumatic detector and may be flushed with 
dry nitrogen or evacuated. The cover of this 
chamber is hinged and is fitted with Kovar seals for 
signal and power connections. In this chamber 
liquid and gas absorption cells up to 15 cm in length 
may be introduced into the optical path at window 
W3. 

The vacuum system is composed of a forepump, 
oil diffusion pump, and strategically located cold 
traps (fig. 1). Chambers C2 and C3 are evacuated 
through 4-in. copper tubing beginning at covers A2 
and A5 and joining at the cold trap Tl. Preceding 
the cold trap T1, there is a 4-in. 300 liter/sec oil 
diffusion pump P1. Preceding P1 is a packless 
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Instrument housing and vacuum system, 


valve V3, a cold trap T2, and a forepump P2. Ar 
additional cold trap in the form of a cold finger, T3, 
is suspended in the monochromator chamber, C3 
at cover plate AZ. 


This vacuum system has been found adequate for 
the removal of atmospheric absorption with respect 
to the present path length and resolution of the 
instrument. 


2.2. Optical System 


The optical system is divided into four sections: 
source optics, absorption cell optics, monochromator 
optics, and detector optics (fig. 2). 


a. Light Path 


The light is first modulated at 10 c/s at the 
source S by the chopper C, passes to reflector M1, 
to spherical mirror MS1, to plane mirror M2 and is 
then focused on the plane of window W1. 

On entering chamber C2 it is reflected from plane 
mirror M3 to spherical mirror MS2 and then to one 
of the six plane reflectors on the turret MR. From 
this point it is reflected into the spherical mirror 
MS3 and into the mirror system of the multipass 
absorption cell. This is composed of several small 


plane mirrors, M4, M5, M6, M7, and one spherical 
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(side view) 


mirror MS4, having a 50-cm radius of curvature. A 
path length of up to 6 m is available by changing 
the arrangement of the multipass mirrors. These 
are prepositioned on a plate that can be changed as 
a unit. This operation can be performed through 
cover plate A3. After leaving the multipass cell, the 
light passes to plane mirror MS, spherical mirror 
MS5, plane mirror M9, and through the exit window 
W2. 

From the window W2, the light is brought to a 
focus on the monochromator entrance slit Sl. It 
then passes through a standard Littrow-type f/4.5 
grating monochromator. The monochromator exit 
slit, S2, is then focused on the window W3 by the 
plane mirrors M11 and M12 and the spherical mirror 
MS6. 

After entering chamber C4 the light may pass 
either to toroidal mirror MT, or to a 90-deg-off-axis 
ellipsoidal mirror ME, and then be focused into the 
Golay receiver D. The toroidal mirror with its short 
focal length leaves space only for short liquid and gas 
absorption cells up to 2 em in thickness. The el- 
lipsoidal mirror, however, has conjugate focal dis- 
tances of 3 and 21 cm and will allow absorption cells 
up to 15 cm in length to be placed between window 
W3 and the ellipsoid ME. 









































FIGURE 2. 


b. Monochromator and Modifications 

(1) Grating drive. The P.E. 12 is a prism instru- 
ment and its Littrow mirror is rotated by a sine bar 
which allows only 10 deg of angular rotation. In 
order to eliminate this inconvenience and obtain 360 
deg of rotational freedom the sine bar was removed 
and a precision worm gear substituted. Connection 
was then made to the power shaft at AS. The prism 
table was removed and a suitable grating mount was 
substituted for the standard Littrow mirror mount. 

The grating turntable driving system consists of a 
synchronous motor, standard three-speed transmis- 
sion, several precision worm gears, a rotation counter, 
an O-ring sealed drive shaft, and an independent 
rapid traverse drive motor. The synchronous motor 
having a variable speed-reducer gives a range of 
scanning speeds from 1.2 to 0.16 deg of are per 
minute of time. This provides scanning speeds 
compatible with the time constants of the detector 
system. 

The rapid traverse drive is specifically designed for 
rapid positioning of the grating and gives a scanning 
rate of 31.4 deg/min of time. 


209 








Optical system. 


(2) Slits. 


The bilateral slits are geared to an 
electric motor which is located within the vacuum 
chamber C3, and controlled from an outside switch 


panel. A Veeder-Root rotation counter located in 
the gear train enables one to determine the slit width 
to within a few microns. This counter is readily 
observed through the window in cover A6. 

(3) Optical modification. In order that the Golay 
detector could be placed in chamber C4, under atmos- 
pheric pressure, the standard optical system behind 
the monochromator exit slit, 82, had to be rearranged 
so as to focus the image of S2 on the window W3. 
This was accomplished by installing the plane mir- 
rors M11 and M12 and the spherical mirror MS6. 

(4) Electrical system. Controls for the slit drive, 
erating drives and vacuum gages are mounted on a 
control panel which is located on the instrument 
support frame. The electric motors that power these 
components are single phase ratio-motors ? having a 
rating of approximately 1/100 hp. Power or signal 


2 Electric motors equipped with a built-in speed reducer. 





leads that pass in and out of the individual chambers | 
are fed through the cover plates with Kovar seals. 

The signal detection system * consists of a Golay 
pheumatic detector and associated equipment so 
that the signal is amplified and ultimately recorded 
on a strip chart. 


3. Spectroscopy in the Far Infrared 
3.1. Sources 


The choice of a good source for far infrared absorp- 
tion studies is somewhat limited. The region from 
400 to 100 cm is efficiently covered by the globar. 
Below 100 cm™ a high pressure mercury arc is used. 

The source being used in this work is a 100 w high 
pressure mercury are. This are is enclosed in two 
envelopes, an inner one of fused quartz and an outer 
one of glass. The fused quartz is transparent to 
radiation below 100 em™ but the glass is opaque to 
this radiation and is therefore removed for this work. 
Figure 3 gives the transmission characteristics of 
fused and crystal quartz and the emission curve of 
excited mercury vapor filtered by the fused quartz 
envelope. The curve 3d shows the relative level of 
a globar continuum in the 100 em region. The are 
is unique in that it has an intense emission continuum 
below 100 em This 
roughly from 100 to 10 em™! and reaches a maximum 
approximately SO em Although the fused 
quartz envelope is transmitting only about 15 per- 
cent at 90 em the are is still emitting a factor of 
3 over a standard globar. 


emission Covers a region 


at 


3.2. Order Separation 


As one works at successively lower frequencies, 
the problem of obtaining spectra free of overlapping 
orders becomes very severe. The root of this prob- 
lem is seen in an examination of the Planck radia- 
tion law for an ideal blackbody. Consider, an 
illustrative example, a blackbody at a temperature 
of about 1,500 °K. The radiation curve for this 
peak at about 3,000 cm. We are 


iby Eppley L 


as 


source has a 


$$$ 


iboratory Inc., Newport, RI. 


interested in the region around 30 em™!. 
sity at 30 em™! is down by a factor of 5 10~* from 
that at the peak. This suggests the required effi- 
ciency of one’s filtering techniques. The emission 
characteristics of the mercury are would lead one to 
believe that such a source would simplify the order 
separation problems in the far infrared, but the heat 
produced by the are maintains the quartz envelope 
at a temperature of about 900 °C, and the emission 
then produced by the envelope, not being filtered by 
the quartz, must still be eliminated. 

Black polyethylene has been quite effective in this 
filtering problem. Essentially, it is a dispersion of 
carbon in polyethylene. As shown by figure 5, it 
greatly attenuates the visible and near infrared 
wavelengths and passes the longer. Previously, one 
was forced to smoke a piece of window material with 
turpentine or camphor soot. 

This difficulty can be considerably lessened by 
working in the first order, well away from the grating 
blaze. Thus the relatively short (high order) 
wavelengths, which are very sensitive to the blaze, 
will be efficiently concentrated in other regions and 
the longer (first order) wavelengths which are not 
sensitive to the blaze will be left less contaminated. 
Good quality gratings used as zero order selective 
reflectors offer another efficient filtering device [1].* 
When several are properly used in series their reflec- 
tion edge can be as sharp as the transmission edge 
of crystal quartz with the added feature of control. 
Figure 4 gives the reflectivity curves of three good 
quality gratings. 

Another widely used filtering technique makes 
use of the transmission properties of various crystals. 
In addition to a sharp high frequency absorption 
edge, a low frequency transmission edge is also 
present in these crystals which is usually not sharp 
enough to serve as an efficient filter. Only crystal 
quartz to fulfill this requirement. This 
transmission edge, however, can be sharpened and 
controlled by impregnating polyethylene with one 
or more of these crystals in powdered form [2]. 

Probably the most efficient filtering technique 
is that of using the reststrahlen of various crystals. 


The inten- 


seems 


‘ Figures in brackets indicate the literature references at the end of this paper. 




















FIGURE 3. 


fused quartz. 


(b) Transmission of crystal quartz. 
are filtered by 1 mm of fused quartz. 


Properties of quartz and the mercury arc. 


(c) Spectral output of a high pressure mercury 
d) Spectral output of a globar. 
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Figure 4. Regular reflection of three gratings. 
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Figure 5, 


Transmission and reflection properties 
NaCl, (b) KCl, (c) black polyethylene 
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FIGURE 6 


Transmission and reflection properties 
(a) KBr, (b) RbBr, (c) CsBr. 
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FIGURE 7. 


Transmission and reflection properties. 
(a) KRS-5, (b 


) CsI, 
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Many of these crystals have a peak reflectivity of 
90 percent and cover a reasonably narrow spectral 
interval. 

orders 
requires strategic use of the reflective, scattering, 
and transmissive properties of many materials. 
Figures 5, 6, and 7 give a sequence of transmission 
and reflection curves for a number of materials. 
They are arranged in order of their usefulness with 
respect to decreasing frequency. 


In all cases the separation of spectral 


3.3. Calibration and Measurement 


Calibration is accomplished by measuring the 
pure rotation absorption spectrum of water vapor 
or other Water vapor lines are obtained 
by reducing the flush rate of chambers Cl and C4. 


eases. 


spectru of 


to 12¢ 


water vapor fron 


i ispersion grating, 0.05 mm black polyethylene, one 
1,800 L/in. scatter plate. (b) 320 L/in. dispersion grating, 
viene, 0.5 mm crystal quartz, two 1,200 1/in. scatter plates. 


In the case of other gases (NH,, HCl, HCN) a 5-em 
absorption cell at the appropriate pressure is placed 
in the beam. 

First approximation measurements are made by 
applying the standard grating formula 


Vi ] 


1 


2d cos sa Sin 6 


where v is the wave number, d is the grating 
groove separation in cm, ” is spectral order, and @ 
is the angular separation of the central image and 
the spectral line in question. The angle a@ is that 
angle subtended by the two slits at the center of 
the collimating mirror. The angle @ is determined 
by means of a rotation counter that is mounted in 
the gear train. A  microswitch automatically 
activates a fiducial marker on the recorder every 500 
counts. This system, without special calibration, 
will determine a relative frequency to 1 part in 
1,000. A more accurate calibration is made by 
measuring the positions of several standard lines 
and from them determining an average central 
image position. By this procedure, and variations 
of it, frequencies of sharp symmetric lines can be 
measured to 1 part in 4,000. Figures 8 through 13 
show recordings of the water lines between 200 
and 30 cm~'. Their latest accepted frequencies 
are indicated.® Figure 16 illustrates a case where the 
band to be measured has been bracketed by the 
calibrating lines. In this case a short air path was 
left unflushed before and after the band was recorded. 

The task of measuring the center frequencies of 
the broad bands that are found in liquids and solids 

Frequencies of pure rotational water lines were kindly supplied by Dr. W. 8, 


Benedict. ese are calculated values derived from the 


best available energy 
levels, 





107.78 cm' 
1.13 cm"! 
— 11796 cm' 
— 120.07 cm' 
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FIGURE 9, 


320 1/in, dispersion 
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Absorption spectrum of water vapor from 150 to 105 em-', 


grating, 0,1 mm black polyethylene, 0.5 mm crystal quartz, one KBr reflection, one 600 1/in, scatter plate 























Figure 10. Absorption spectrum 


Conditions: 320 1/in, dispersion grating, 0.1 mm black polyethylene, 1 


Ficure 11. Absorption spectrum of 


water vapor from 92 
to 59 cm-'. 


Conditions: 180 1/in. dispersion grating, 0.2 mm black polyethylene, 1.0 mm 
crystal quartz, one KRS-5 reflection, two 320 1/in. scatter plates. 


presents a difficulty which greatly reduces the preci- 
sion and accuracy of measurement. Those bands 
having widths ® between 5 and 20 cm™ are in general 
no problem except in that their width makes it 
impossible to determine their centers precisely. A 
special problem is presented by those bands having 
widths greater than 20 ecm. This is due to the 
fact that in regions where the reststrahlen of a 
crystal are a necessary part of the filtering technique, 
the energy contour is usually no wider than the 
absorption band to be measured. In many cases 
the band contour is never directly observed, but 
must be obtained by subtracting out the reststrahlen 
background. The band center is then measured 
from a plotted contour. This greatly reduces the 
attainable precision and accuracy. 


6 Line widths = full line width at half intensity, 





of water vapor from 115 to 70 em-', 


.0 mm crystal quartz, one CsBr reflection, two 600 L/in, scatter plates. 


WAVE NUMBER ,cm 
FiaguRE 12. Absorption spectrum of 


water vapor from 64 
to 50 em. 


Conditions: 180 1/in. dispersion grating, 0.2 mm black polyethylene, 1.0 mm 
crystal quartz, 0.5 mm LiF, one KRS-5 reflection, two 320 1/in. scatter plates. 


4. Observations and Measurements 


In addition to the spectra of water vapor, the low 
lving absorptions of some haloethanes were observed. 
The compounds (Eastman Kodak) examined were 


of high purity. The high purity was affirmed by 
an examination of their infrared spectrum from 
4,000 to 150 em". 

The compounds observed were: pentachloroe- 
thane, 1-bromo-2-chloroethane, and symmetric-tetra- 
chloroethane. The bands observed are listed in 
table 1. Those bands that were directly observable 
are shown in figures 14, 15, and 16 and are given to 
+0.5 em. The lower frequency bands, however, 
were extremely broad (25 to 50 cm) and are 
correspondingly less precise. 
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Abso plion spectrum of water vapor from 
to 3l cm 
1 black polyethylene, 1.0 mm 
thylene filter, one KRS-5 reflection, 
lter was kindly furnished by Hiroshi 


alogenated ethanes 
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FIGURE 14. Absorption of ChC CHCl at 164.5 and 
175.5 em, Figure 15. Absorption of BrH,C-—CH,Cl at 202 em-. 


entration=1:3 (by volume) of compound in CC]. | Cell thickness=1.5 mm; Concentration =1:30 (by volume) of compound in CC}, 
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flushed region 
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Ficure 16, 


ChHC-CHCh. 


Cell thickness = 1.5 mm; Concentration = 1:10 (by volume) of compound in CC, 


5. Discussion 


The far infrared offers many challenging problems 
that must be solved before high quality data will be 
available from this spectral region. 

Quality is judged first in spectral resolution and 
second in accuracy and precision of measurement. 
Using the high quality work produced in the near 
infrared as a guide, the goal would be a spectral reso- 
lution of 0.03 em~! and a precision of approximately 
0.005 em~'. By using the scanning techniques pres- 
ently used in the near infrared, it is feasible that the 
The goal of 


goal of precision could be attained. 


resolution however is more challenging. 

Considering first an f/4.0 single pass optical system, 

using 128 in. high quality grating and a high qual- 
ity Salinetien mirror, one would have a system ca- 
pable of attaining the 0.03 em~ spectral resolution. 
Tt s+ sa a . . 
Thus it is seen that the optical system does not repre- 
sent the major obstacle. The highest resolution at- 
tained with grating spectrometers by recent workers 
is of the order of 0.25 em~', which is a factor of about 
8 less than that expected. In order to reduce the 
spectral width to the 0.03 cm~! mentioned above, 
one would have to accept a loss by a factor of 64 in 
detector output. This deficiency must be made up 
by more powerful sources, more efficient filtering 
techniques, and more sensitive detectors. 


Calibration of the 172.0 cm absorption band of 


A study of the high pressure mercury are to deter- 
mine the origin of its long wavelength emission could 
possibly lead to more efficient sources. Also research 
in plasmas, high temperature blackbodies, and 
emissivities should be profitable. 

A small factor may possibly be realized in more 
efficient filtering methods. The use of the restst- 
rahlen of crystals still remains the most dependable 
method at present. These, teamed with good grat- 
ings as scatter plates, should be highly efficient in 
eliminating stray radiant energy. The development 
of an automatic crystal and grating changer may 
prove to be not only the most convenient but also 
the most efficient solution. 

By far, the greater effort will have to be applied 
to detector development. Presently work is being 
done on supercooled bolometers and related devices 
[3]. Indications are that factors of 40 could be ex- 
pected in this area. 

The problem of maintaining spectral purity in the 
far infrared coupled with that of measuring the cen- 
ters of the very broad bands of many liquids could be 
solved by the construction of a large high vacuum 
double-beam-single-beam spec cane ter having an 
automatic crystal and grating changer. An instru- 
ment built along these lines would serve as a valuable 
tool in far infrared research. 


The author expresses thanks to E. K. Plyler for 
his cooperation and helpful discussions, and to W. 
Koepper and M. Myers for the machining and 
welding done on this instrument. 
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Relation of Emittance to Other Optical Properties * 
J. C. Richmond 


(March 4, 1963) 


An equation was derived relating the normal spectral emittance of an optically inhomo- 
geneous, partially transmitting coating applied over an opaque substrate to the thickness 
and optical properties of the coating and the reflectance of the substrate at the coating- 
substrate interface. 


1. Introduction 


The 45° to 0° luminous daylight reflectance of a composite specimen comprising a partially 
transparent, spectrally nonselective, light-scattering coating applied to a completely opaque 
(nontransmitting) substrate, can be computed from the reflectance of the substrate, the thick- 
ness of the coating and the reflectivity and coefficient of scatter of the coating material. The 
equations derived for these conditions have been found by experience [1, 2]' to be of considerable 
practical usefulness, even though several factors are known to exist in real materials that were 
not considered in the derivation. For instance, porcelain enamels and glossy paints have 
significant specular reflectance at the coating-air interface, and no real coating is truly spectrally 
nonselective. 

The optical properties of a material vary with wavelength, but in the derivation of the 
equations referred to above, they are considered to be independent of wavelength over the rather 
narrow wavelength band encompassing visible light. The condition of spectral nonselectivity 
is met sufficiently well by a number of materials to permit use of the pertinent equations with but 
a single set of optical properties for visible light. Over the enormously wider range of wave- 


lengths within which the emission and absorption of radiant energy are important, few if any 
materials are sufficiently nonselective to permit use of the pertinent equations with a single 
set of optical properties applicable to all wavelengths. Hence the optical properties as a 
function of wavelength are required for computation of wide-range spectral reflectance or 
emittance of such composite specimens. 


The present study was undertaken to derive an equation relating the spectral reflectance 
(or emittance) of a composite specimen comprised of a partially transmitting, light-scattering 
coating applied to a completely opaque (nontransmitting) substrate, from the thickness of 
the coating and the spectral optical properties of the coating and substrate. 


2. Review of the Literature 


The relationship between the thickness and reflectance of a layer of light-scattering ma- 
terials as a function of the optical constants of the material was developed by Kubelka and 
Munk [3]. Judd [1] developed graphical methods for the solution of the Kubelka-Munk 
equation, and demonstrated that it was useful in studying real materials which departed 
somewhat from the ideal material postulated in development of the equation. Kubelka [4] 
derived more exact equations in a form that was capable of relatively easy solution. In all of 
these cases, the materials considered were assumed to be spectrally nonselective, so that a single 
value of each optical constant could be used throughout the visible range of wavelengths. 

Gardon [5] considered the case of an optically homogeneous material with a three-dimen- 
sional analysis. Hamaker [6] and Klein [7] worked with powders, which may be considered 
as a special case of optically inhomogeneous (light-scattering) materials, and derived equations 
for computing heat transfer by radiation in powders. In these cases a single value applicable 
to total blackbody radiation was used for each optical property. 
~~ * "This work was sponsored and financed by the George C. Marshall Space Flight Center of NASA. 


Figures in brackets indicate the literature references at the end of this paper. 
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Saunderson [9] worked with partially transmitting plastics, and used equations for trans- 
mittance and reflectance derived by Kubelka and Munk [3], that are similar but not identical 
to those of Klein [7]. However, he did incorporate a correction for the specular reflection at 
the plastic-air interface. 


3. Derivation of Equation 


Because of the relationships 


A+T+R=1, 
in which A=absorptance, 7=transmittance, and R=reflectance, and Kirchoff’s law, 
A=E, (2) 


in which F is emittance,’ it is possible to compute emittance from reflectance for completely 
opaque specimens. This method will therefore be used, because of its simplicity as compared 
to the approach used by Gardon [5]. 

Consider a flux of completely diffuse radiant energy, incident in uniform geometric distri- 
bution over the entire area of an optically flat layer of inhomogeneous isotropic dielectric 
material having infinite area and uniform thickness. Upon attainment of a steady state condi- 
tion, the incident flux that is not reflected at the surface will penetrate into the material, di- 
minishing with the depth of penetration, the amount of diminution at any internal plane parallel 
to the surface being a function only of the distance of the plane from the surface. 

Attenuation of the inward-bound diffuse flux will result from absorption of radiant energy 
within the specimen, and from backscattering by the dispersed particles in the material. The 
backscattered flux will proceed as completely diffuse flux propagated in a direction normal to 
the surface outward through the coating. In both cases, the radiant flux lost by lateral scatter- 
ing will be compensated by an equal gain through similar scattering from adjoining portions of 
the specimen. The outward-bound flux will also be attenuated by absorption and back- 
scattering. This backscattered flux will reinforce the incoming flux. 

Under the postulated conditions, a one-dimensional mathematical analysis can describe 
the variation in diffuse radiant flux density along a line normal to the surface, due to absorption 
and scattering within the material, as a function of distance from the coating-substrate interface. 

In using the one-dimensional analysis, the diffuse radiant flux traversing unit area normal 


to the direction of propagation is considered as being made up of two directionally opposed 
portions, one J, outward from the interior of the specimen and normal to the flat surface, and the 
other J, in the opposite inward direction. A spectral absorption coefficient, A, is defined by 
equating AJdr to the reduction in J by absorption within a layer of infinitesimal thickness, dz. 
A scattering coefficient, S, is similarly defined by equating S/dz to the flux scattered backwards 
from J in the unidirectional beam (and therefore included in J) within a layer of infinitesimal 
thickness, dz. 


Within the distance dz the flux, 7, will be not only diminished by absorption and scattering, 
but also augmented by the backscattering from J. Hence we can write 


dI /dr=—(K+S)I+SI 


dJ/dr=(K+8S)J—SI. 


These are the general differential equations first used by Kubelka and Munk [: 
starting point, and subsequently by many other investigators. 


er, is defined as follows: Emittance is a property of a specimen; it is the ratio of its emissive power to that ofa 
erature and under the same spectral and geometric conditions of viewing. 
mal emission expressed as radiant flux per unit surface area. 
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Hamaker’s [6] solutions for eqs (3) and (4), considering both absorption and scattering, 


are 


I=L,(1—B)e"+L,(11+B)e-” 
J=L,(1+B)e"+ L.(1—B)e-” 


where L, and L, are constants determined by the boundary conditions, and where 


o= yK(K+2S) 
and 


B=7VK/(K+2S). 


3.1. Equations Applicable to Coatings 


Most coatings, such as paint, porcelain enamel, and ceramic coatings, unlike the materials 
postulated by Kubelka [4] and dealt with by Hamaker [6] and Klein [7], have a disperse medium 
other than air, usually of a glassy nature, in which the scattering particles are distributed. 
Hence specular reflectance at the coating-air and coating-substrate interfaces must be con- 
sidered. This structural difference will give different boundary conditions than were considered 
by previous authors. 

In the systems under consideration, the reflectance at the interfaces will be considered, 
as follows: 

p-=specular reflectance at the coating-air interface for externally incident, completely 

diffuse radiant flux (J,). 

reflectance of the substrate for completely diffuse radiant flux (Jo) incident upon the 
substrate from the coating. 

specular reflectance of the coating-air interface for completely diffuse radiant flux (Jp) 
incident from within the coating. 

Let 2 be the perpendicular distance from the coating-substrate interface to a point in the 
coating, and D be the thickness of the coating. 

If only the disposition of incident flux be considered, and if radiant energy emitted by the 
specimen be ignored, the boundary conditions for substitution in eqs (5) and (6) are 


I J ops at =U 


J J.(1—p,.) +l pp atz D 


when z=0, e”” **—-1, hence from eqs (5), (6), and (9) 
L,1-—8)- Li T B) ofl, T B) T L.(1—B)], 


and from eqs (5), (6), and (10), 


| ee T B) er? T L(1—B)e +P J .(1—p,) T p{L,(1—B)er?-4 L.(1+8)e at 


It may be worth while to mention the physical significance of ¢ and 8. As can be seen in eq (7), a is a type of extinction coefficient. If S=0, 
o= K; if K=0,¢=0. The combination ez is a dimensionless optical thickness; all layers having the same oz product will produce the same attenu- 
ition in a beam of radiant energy. o@ is determined by the absolute values of Sand K. 8, on the other hand, is a function of the relative magni- 
tudes of Sand K. IfS=0,8=1,and if K=0,8=0. 8 is shown by Klein [7] to be related to emissivity, FE. ,and reflectivity, R.., by the equations 

2 28 1-—g 
Eo= and Ra ’ 
1+8 1+8 
provided there is no specular reflection at the surface, For glossy materials, these relationships are modified by specular reflection at the 
surface. 
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Solving eqs (11 and (12) for LZ, and L., we get: 


J.(1—p,)[(1+B8)—p,(1—B) 
o,(1—8)||(1+8)—p,(1—8) Jee7?—|(1—B8) —p,(1+8) || (1—B) —p,(14+- 8B) le - 


J.(1—p,)[(1—8)—p;,(14+-B)] 
((1+8)—p,(1—8)]|[(1+8)—p,(1—B8) Je*"?—|(1—B) —p,(1+ 8) || 1—B) —p,(14+-B) le~”? 


The equations can be simplified by making the following substitutions: 


Let 
M=(1+8)—p,(1- 
N=(1+8)—p,(1- 
O=(1—8)—p,(1-4 
P=(1—8)—p,(1 


Then eqs (13) and (14) become 


J.(1—p,.)M 


Ly MNe*?—OPe-*” 


(19) 
— J,( l —p,)O 


La NIN? —OPe- 


(20) 


The overall specular plus diffuse reflectance, 2, of the specimen is defined as the reflected 
flux divided by the incident flux. The reflected flux will include the fraction of J, that is specu- 
larly reflected at the coating-air interface. That is 


, J epe+(1—pi)Lp 
R +3 


From eqs (5), (19), and (20), 


ee J,(1- p, [1 —B) Me 7D__ (1 +-B) Or od 
wind MNe*?—OPe-”” ; 
hence 

, (1—B8)Mer?—(1+-8)O0e-” 

R=p,.+(1—p,)(1—p;) MNe®—OPe- ‘ 

R in eq (23) is the reflectance of the composite specimen under conditions of completely 
diffuse illumination and hemispherical viewing. The equation has been written in terms of 
the coating parameters 8, ¢, p,, pi, ps, and the thickness of the coating, D. The values of 
these parameters vary with wavelength. The equation applies only to spectral reflectance, 
Ry, under the given geometric conditions, and spectral values of the coating and coating- 
substrate parameters, 8, or, pa, pa, and py are required. The subscript \ indicates that the 
symbol applies to the spectral value at wavelength X. 

When transmittance is zero, as it is in the case of the coated specimens under consideration, 
the emittance is equal to one minus the reflectance, as is indicated by eqs (1) and (2), if consist- 
ent geometric conditions of incident, reflected, and emitted flux are used. F has been defined 
as the spectral reflectance under conditions of diffuse illumination and hemispherical viewing. 
The emittance corresponding to R is Ey, the hemispherical spectral emittance. Hence we 
can write 


E l { ae eG (1—B8)Mer?—(1 { B)O¢ -¢D . 
LH Pe p. pi) MNe®—OPe-® 
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It is legitimate also to apply eqs (1) and (2) to evaluate the normal spectral emittance, 
Ey, if, and only if, the geometric conditions of irradiation and viewing under which the external 
reflectance, p,, is measured are (1) normal incidence and hemispherical viewing or (2) perfectly 
diffuse incidence and normal viewing. 

If we consider that the internal reflectance of the coating plus substrate, neglecting the 
effect of specular reflectance at the coating-air interface, is R,, then with diffuse illumination 
and hemispherical viewing 

R=p.+(1—p,) R,(i—p),). (25) 


Equation (25) is another way of writing eq (24), with R, replacing the fraction containing 
| i t | I 
exponential terms. 
p(B) Mer? + (148) O0~? (26) 
 MNe— OP e~ 4 


For normal illumination and hemispherical viewing, the equation becomes 
Ry Pn (1 —py) RQ — pi) (27) 


in which #, is again the internal reflectance, neglecting the effect of specular reflectance at the 
coating-air interface, of the coating plus substrate. If 2, is the same for normal and diffuse 
incident flux,‘ we can write 


Ey=1—< py+(1—py)(1—p;) 


(1—6)Me*?—(1+B)Oc fag 
MNe”—OPe-” 


which is the desired equation. 
Substituting for M, N, O, and P from eqs (15), (16), (17), and (18), and making use of the 
relationship 
2 sinh z=e7—e™* (29) 
and 
2 cosh r=e’+e7" (30) 
eq (28) reduces to 


E.=(} 4 (1 [(1—p,) —8?(1+-p,)| sinh ¢D+2p,8 cosh oD 
4 \ ) - : Fa 
; ro : [(1+ 67) (1+- pip,) —(1—B*) (p:+p,)| sinh ¢6D+28(1—p,p,) cosh «D 


31) 


The specular reflectances at the coating-air interface, p, and p,, are for diffuse illumination 
and hemispherical viewing. The value to be used for p, must be determined experimentally, 
because the coating-substrate interface is normally rough, and the reflectance may be affected 
by interaction between coating and substrate at the interface. For an optically smooth inter- 
face, which may be approximated by the coating-air interface for some coatings at some wave- 
lengths, p, and p; can be computed from the index of refraction of the coating * by integration 
of the Fresnel equation over a hemisphere. In its general form, the equation for dielectrics 
can be written 
sin? (g—@) , tan? (g—@) 
sin? (+6) ' tan? (g+6)’ 


9 
-Pa 


in which pg is the directional specular reflectance for unpolarized parallel flux, ¢ is the angle of 
incidence, and @ is the angle of refraction, both angles measured from the normal to the inter- 
face. The angles @ and @ are related to index of refraction, n, by Snell’s law. In its most 


general form, this is n; sin @=ne sin 6, in which n, is the index of refraction of the medium on the 


‘ This condition will be approximated if the incident flux is completely diffused after traversing a small thickness of the coating. 
Most optically inhomogeneous coatings consist of opacifying particles dispersed in a continuous medium or vehicle. The scattering is due to 
lifference in indices of refraction of the opacifier and vehicle. For glossy coatings, the opacifying particles are not usually exposed at the sur- 


of the coating, and the effective index of refraction for specular reflection is that of the vehicle 
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side of the interface from which the flux is incident, and n, is that on the opposite side of the 
interface. In the case of flux incident from vacuum, n;=1. In the case of air, no serious error 
is introduced by considering n;=1 (n;=1.0003, approximately, for air under normal 
conditions). 

The reflectance of an optically smooth surface of index of refraction n, for completely diffuse 
flux incident from vacuum (or air) can be expressed as 


2. sin’ (g—@) , tan® (g—@) ] 
sin ¢ COS ¢ > + if 
’ . sine (¢+@) tan 


2 sin ¢ cos ¢ dy 


This expression has been integrated by Walsh [8] to give 


(3n—1), n=(n* F\ (n—1) 
+ In 
+. J { (n-+-1) J (n+-1) 


Inn. (34) 


For completely diffuse flux incident on the interface from within the material of index n, all 
of the radiant energy that is incident at angles greater than the critical angle, ¢,, will be totally 
reflected. The critical angle is that at which 6=7/2, or sin ¢.=—- The fraction of flux incident 


nh 


at angles from sin to 7/2 can be obtained by integration and divided by the total flux to 


oe —— Ae 
give the fraction 1 of the incident flux that is totally reflected. Hence only -, of the total 
/ nu 
flux will be incident at angles at which it is refracted, and a fraction p, of that flux will be inter- 
nally reflected, as indicated in eq (33). Hence we can write 


The expression for p, given in eq (34) is somewhat complex. Judd [10] gives computed 
‘values of p, and p; for indices of refraction from 1.00 to 1.60 in increments of 0.01. 

The geometric distribution of the emitted flux will be determined by the directional re- 
flectance at the coating-air interface, and can be computed from the refractive index by means 
of the Fresnel equation. For normally incident parallel flux, the Fresnel equation reduces to 


36) 


where py is specular reflectance for normally incident flux. 
The normal spectral emittance, Ey, of any specimen can be computed from the hemispheri- 
cal spectral emittance by use of the Fresnel equations for reflectance of internally incident 
normal and diffuse flux. This conversion is not affected by the coefficient of scatter of the 
coating. 
4. Discussion 


In the case of paper, layers of powder and unglazed porous ceramic materials, air may be 
considered the continuous phase, and there will be no specular reflection at the interfaces. If, 
in addition, there is no substrate, or if the reflectance of the substrate is zero, the conditions will 
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be identical to those postulated by Klein [7]. If zero is substituted for p,, p,, and p, in eq (23), 
it reduces to 


(1—’) sinh oD 
(1+?) sinh ¢D+28 cosh «oD 


which is identical to Klein’s [7] eq (46). 


4.1. Properties of Nonabsorbing, Nonscattering Layers 


It may be of interest to consider how the emittance and reflectance of a coating will vary 
as Sand A approach zero. Obviously, if both S and K are zero, the material will have perfect 
transmittance, and both reflectance and absorptance (or emittance) will be zero. This is true 
for a perfect vacuum, and is closely approximated by a gas at those wavelengths at which no 
absorption occurs. 

a. Properties of Nonscattering Layers 


If there is no scattering, S=0, and eqs (3) and (4) become 


dI/dz Kl 
and 

dJ dr KJ 
hence 


: (ae Pat mor (41) 


where /, represents the flux density at a level z within the material, and /,,,,,, represents the 
flux density after traversing a thickness Az of the material. Equation (41) differs from the 
familiar Bouguer’s law only in that the attenuation of completely diffuse flux is twice as rapid 
as that of unidirectional flux. 

If the scattering coefficient, S, is zero, which will be approached by optically homogeneous 
materials, such as optical glass and many single crystals, then c=K and 8=1, hence (24) 


° (1—p,;) pge pix 9 
Eu=(1—p,) l—-xD KD {° (42) 
( PiPst 


However, when S becomes small, the internally reflected flux will not be rediffused, if 
reflected from optically smooth surfaces. Thus (42) is only valid if the coating-substrate 


reduces to 


interface is so rough that perfectly diffuse reflection occurs. For the more general case, where 
this interface approaches optical smoothness, a three-dimensional analysis of the type used by 


Gardon [5] is more nearly valid. 


b. Properties of Nonabsorbing Layers 


If the absorption coefficient, A, is zero, as will be approximated at some wavelengths by a 
freshly smoked layer of magnesium oxide or by freshly fallen snow, both o and 8 become zero, 
and eq (24) becomes indeterminate, which would be expected for an opaque coating of the 
specified materials, but not for a composite specimen. However, under these conditions, eqs 
(3) and (4) become 


dI/dz=—S(J—I) =dJ/dz. (43) 
This equation can be solved by a procedure similar to those used for eqs (3) and (4) to give 


J |Sx(1—p,)(1—p,)+p,(1—p,)| 


l SDA—p;)(1—p,) +1—pip 


(44) 


J (|S2(1—p,)(1—p,) +(1—p,) | 


J '. (45) 
SD(A—p;)(1—p,) +1—pip, — 
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Substituting eq (44) in eq (21) we get 


: SD(1—p,)+op; 
Pp») : * 
SD(1—p;)(1—p,) + 1— pips) 


R=p,.+(1—p,)(1 (46) 


If p., p;, and p, are zero, as they were under the conditions postulated by Klein [7], eq (46) 

reduces to 
R ane ’ (47) 
which is identical to Klein’s eq (48). 

Under the conditions postulated for the derivation of eq (47), the emittance will approach 
zero and the reflectance will approach one as the coating approaches a thickness at which it is 
completely opaque, which will only occur at infinite thickness. Since A=0, the absorptance 
is zero by definition, and the transmittance is one minus the reflectance. Hence we can write 


1 

’ (48) 
SD-+-} 
which is identical to Klein’s eq (a7 


4.2. Example of Computed Emittance 


Figure 1 is a plot of emittance, computed from eq (31), as a function of thickness for com- 
posite specimens with optically smooth surfaces comprised of a coating having an index of 
refraction of 1.40 (from which p,=0.028, p;=0.53), a value of 8 of 0.8, and values of o of 40, 
20, 13.3, and 10.0 mm, respectively, applied over a mat substrate having a reflectance into 
the coating of 0.9. (The values of S and K corresponding to a 8 of 0.8 and o of 40, 20, 13.3, 
and 10 mm! are as follows: S=8.0, 4.0, 2.65, and 2.0 mm! and A=28.44, 14.22, 9.42, and 
7.11 mm~', respectively.) These conditions might be approximated at wavelengths in the 
visible by a glossy gray paint applied over a white backing. All of the coating materials have 
the same emissivity about 0.918), but the coating with a o value of 40 mm reaches 99 per- 
cent of this value at a thickness of 0.05 mm, while the coating with a o value of 10 mm™! 
requires a thickness of 0.2 mm to reach the same value. 

The plotted emittance at zero thickness of the coating is greater than the emittance 
0.10) of the substrate because the coating has a lower index of refraction than the substrate, 
und hence reduces reflection at the interface. The plotted value is what would be obtained 
with a very thin, perfectly transparent glossy coating having an index of refraction of 1.40. 


FIGURE 1 Clon puled no al spectral emittance, 
plotte i as a function o coating thickness, jor a 
com posite specimen comprise l of partially trans- 

fting coatings uith opt cally smooth surfaces 
fraction of 1.40. 8 value o 

lo values of 40, 20, 13.3, and 10 mm 
es pect ely, appl L ove a substrate having a 


eflectance of 0.90, plotted as a function of coating 


ndexr of 


KNESS These conditions would be approri- 
i f a glossy ¢ / parnt applied over a 


etal or white substrate. 
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t about 0.05 n 
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4.3. Limitations to Equations 


There are a number of conditions encountered in practice that deviate from the conditions 
postulated in the derivation of eq (24). There will always be a thermal gradient normal to 
the surface in any situation where a body is heated internally and is dissipating radiant energy, 
and the effect of such a gradient has been omitted in the derivation. In the case of thick ceramic 
coatings (typically 0.5 mm or more), significant errors may be introduced by ignoring the effect 
of thermal gradients, especially at high temperatures. The gradients will be negligibly small 
when the specimen and surroundings are at room temperature or below, and the effect of the 
gradients in thin coatings, typically less than 0.1 mm, is considered to be negligibly small even 
at high temperatures. 

During firing of porcelain enamels and some other types of ceramic coatings, on some 
metals, there is appreciable chemical reaction at the coating-metal interface, and some of the 
reaction products diffuse into the coating for measurable distance. The reaction products may 
change the reflectance of the substrate into the coating, and the reaction products diffusing 
into the coating may significantly change its optical properties near the interface. The extent 
and importance of these effects depend upon the particular materials involved, their thick- 
nesses, the firing, and the service conditions. When the total effect of these factors is large, 
appropriate adjustments in the values substituted into the equation are required for its useful 
application. Most types of organic and flame-sprayed ceramic coatings, however, will be 
essentially free from these effects. 

In the case of some paints, there may be segregation of the pigment particles within the 
vehicle during drying, which will also tend to invalidate the equation. For mat coatings, where 


the coating-air interface is not optically smooth even on a micro scale, it may be necessary to 


measure p, and p,; experimentally, instead of computing them from the index of refraction. 
5. Summary 


The thermal radiation properties of a composite specimen, comprised of a partially trans- 
mitting coating applied over an opaque substrate, usually vary significantly with the thickness 
of the coating. An equation was derived relating these properties to the thickness of the 
coating, the reflectance of the substrate, and the optical properties of the coating material. 
If the optical properties of a coating and the reflectance of the substrate are known as functions 
of wavelength, the equation can be used to compute (1) the normal spectral emittance (or 
reflectance) of any thickness of coating over the substrate or (2) the thickness of the coating 
over the substrate required to give any normal spectral emittance (or reflectance) within any 
given wavelength interval intermediate between the emittance of the substrate and of an in- 
finitely thick coating. 


The author gratefully acknowledges the assistance of Louis Joseph, of the Applied Mathe- 
matics Division, «in checking the mathematics, and of Deane B. Judd, of the Optics 
and Metrology Division, for his advice and helpful suggestions. 


6. List of Symbols 


absorptance. 

transmittance. 

reflectance. 

emittance. 

diffuse radiant flux proceeding outward from the interior of a specimen. 
diffuse radiant flux proceeding inward toward the interior of a specimen. 
absorption coefficient. 
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backscattering coefficient. 

distance from the coating-substrate interface to a point in the coating. 

a constant that depends upon boundary conditions. 

\A(K+28 

\ K/(K+-28 

reflectance of the coating-air interface for externally-incident diffuse radiant flux. 

reflectance of the substrate for diffuse radiant flux incident on the coating-substrate 
interface from within the coating. 

reflectance of the coating-air interface for internally incident diffuse radiant flux. 

externally incident diffuse radiant flux. 

flux J at r=0 (at coating-substrate interface). 

flux J at r=VD (at coating-air interface). 


thickness of coating. 


index of refraction. 

index of refraction in medium from which flux is incident. 
index of refraction in medium into which flux is refracted. 
angle of incidence, from the normal. 

angle of refraction, from the normal. 

critical angle of incidence for total internal reflectance. 
hemispherical spectral emittance. 


; 


reflectance of the coating-air interface for normally incident parallel flux 


normal spect ral emittance. 


internal reflectance of a coating. 
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The arrestment error is defined as the error associated with the arrestment, unloading, 
reloading, and release cycle after correction for balance drift and changes in sensitivity with 
beam tilt. In a well-designed one-pan, two-knife, constant-load balance the observable 
arrestment error is caused by inconstancy of the perpendicular distance from the effective 
point of suspension of the hangdown to the effective axis of rotation of the center knife. 
Four causes for this distance to vary are recognized and their effective removal discussed. 
The requirements for two arrestment systems are then set out, one in which the balance 
bearings remain in contact indefinitely under nearly constant load, the other in which the 
bearings are uncoupled in such a way as to permit the bearings to be recoupled in a contact 
configuration as nearly identical to the previous configuration as possible 

l-kg test instrument is described with which many balance systems can be experi- 
mentally investigated including the two arrestment systems mentioned above (the ‘‘constant- 
load”’ and “‘rocking-beam”’ systems). 

The arrestment error (expressed as a standard deviation) for the ‘“rocking-beam”’ 
system can be reduced to 1.5 10-* of the load; for the ‘‘constant-load’”’ system to 3 10-°. 
When slight external vibrational disturbances are not scrupulously excluded occasional un- 
predictable shifts in balance indication are observed. 
errors by about an order of magnitude. The 
beam-swing period over its normal range. 


These exceed the normal arrestment 
arrestment error does not vary greatly with 


1. Introduction 2. Conventional Arrestment and Release 

This paper is in a series describing studies on 
sources and possible elimination of residual weighing 
errors on balances for weight calibrations operating 
near the highest attainable precision. Previous 


Figure 1 shows schematically the essential parts 
of the oscillating structure of a simple one-pan, two- 


studies were concerned with humidity of the am- 
bient air [{1],' with oscillation of the pan assembly 
[2], and with the weighing series used [3]. The 
present paper describes studies on the arrestment 
error in one-pan, two-knife constant-load balances, 
whose suitability for weight calibration has been 
previously advocated by Peiser [4]. A general- 
purpose performance test for such balances has also 
been published [5}. 

The arrestment systems of high-precision balances 
usually involve complex parts, they are the most 
difficult to adjust, and have long been recognized as 
an important, if not always the dominating source 
of residual weighing errors. 

In sections 2 and 3 we will describe and define 
terms relating to arrestment systems and errors 
which are brought into relation with the equilibrium 
conditions of a balance with fixed counterweight. 
In section 4 we discuss the principal residual sources 
of arrestment errors in balances of high precision 
operated expertly. For each of these errors one or 
more possible cures are suggested. In section 5 a 
test instrument is described on which several kinds 
of arrestments can be tried and evaluated. The 
experimental results are then given in section 6. 


1 Figures in brackets indicate the literature references at the end of this paper 
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Figure 1. Schematic sketch of the oscillating structure of the 
basic form of the one-pan, two-knife balance. 


The counterweight is made of such a mass and placed at such a distance that 
the balance is ‘‘on-scale’’ when the design load is placed on the pan. 
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knife substitution balance. Unloading and reload- 
ing of the pan is potentially the most damaging 
in a weighing cycle. The suspension, for 
example, designed to accept vertical loads, may have 
horizontal forces impressed upon it. The arrestment 
system is designed to protect balances during this 
reloading process. 

We define an arrested balance as one placed in a 
cendition for unloading and reloading with minimum 
disturbance to the balance adjustment. We define 
a released balance as one in which the beam and 
hangdown can oscillate about the knife-bearings free 
from constraints other than those imposed by the 
gravitational field, the surrounding atmosphere, 
and—if used——-a beam-swing damping system. 

The arrestment system is designed to arrest as well 
as to release the balance with the minimum disturb- 
that balance adjustment. Conventionally 
the system performs the following tasks: 

1. It removes the freedom of swing from the beam. 

2. It removes the freedom of swing from the pan 
and suspension assembly (hangdown). 

3. It firmly supports the hangdown so that the 
load flat is no longer in contact with the load knife 
and so that loads can be placed on and/or removed 
from the pan. 

4. It lifts the beam so that the center knife is out 

of contact with its flat. 
5. It is able to reverse steps 1 to 4 recoupling both 
knives and flats in precisely the original contact 
configuration and releasing the pan without appre- 
ciable swing 

Steps 1 to 4 are called arrestment, step 5 release. 


pre cess 


ance to 


3. The Arrestment Error 


Corwin [6] has previously presented a discussion of 
the arrestment error. Although our analysis differs 
in detail, our ideas are based on his. The arrestment 
error is here defined as the sum of all errors associated 
with the “‘operating cycle’’—that is arrestment, un- 
loading, reloading, and release. This arrestment 
error is readily measured experimentally by change of 
balance indication upon repeated reloadings of the 
same weight. Random variability of the mass of the 
test weight during the operating cycle would make 
the observed arrestment error too large. If the trans- 
fer mechanism offers one weight to the pan more 
reproducibly than two different weights, the observed 
arrestment error would be too small. We believe 
both of these effects are negligible in our experiments. 
Slow balance drift and changes of sensitivity with tilt 
are separately evaluated and excluded from the 
experimentally determined arrestment error. 

The inclusion of errors from unloading and re- 
loading in our definition of arrestment error is an 
important innovation. It is true that loading and 
unloading are not part of the arrestment operation. 
Experimental observations, however, of the errors 
due to arrestment and release alone give observed 
errors that are too low to be significant from the view 
point of areal weighing cycle. The significant test of 
an arrestment system is how well it protects the 


is 


| 
| 
| 
| 
} 
| 
| 
| 


reproductibility of a balance during the unloading 
and reloading operation. 

The idealized equilibrium conditions of a released 
one-pan two-knife balance is: 

M r cos 6+ Mz p cos o=0, 

where M is the total mass of the hangdown whose 
effective point of suspension is at a perpendic ular 
distance r from the effective center-knife axis. The 
line parallel to the distance r is inclined by 90+-6 to 
the gravitational-field direction and Ms is the mass of 
the beam with its rigidly attached counterweight, the 
combined center of gravity of which is at a perpendic- 
ular distance p from the effective center-knife axis. 
The line parallel to the distance p is inclined by 90+ ¢ 
to the gravitational field. 

6+ is a constant of the balance related to the 
readout angle by another constant. 

In a well-designed beam, to be discussed in a later 
paper, p and ¢ will remain constant during a weighing 
cycle to well within the weighing precision. The 
masses Mf and Ms will also remain constant to higher 
precision. Variability of @ before and after the arrest- 
ment cycle must be caused almost exclusively by 
changes in r. This realization simplifies the search 
for possible arrestment errors. One further consid- 
eration may also be useful. As has been previously 
pointed out [6] one source of variability in r arises 
from nonequality and nonuniformity of knife-edge 
radii. Whereas load-dependence of these imperfec- 
tions are eliminated as possible sources of weighing 
error in constant-load balances, 6-dependent varia- 
tions remain. Balances should therefore be used as 
zero-point instruments or calibrated for systematic 
variations with 6. Arrestment errors systematic 
with the observed quantity, @, need not be investi- 
gated; it should be noted that they are excluded by 
the definition given in section 2. 


4. Sources and Elimination of Arrestment 
Errors 


4.1. Nonparallelism of Knives 


The schematic diagrams (fig. 2) show how the arm 
length r, the perpendicular distance of the effective 
point of suspension (eps) from the effective axis of 
roatation of the center knife, is changed by non- 
parallel knives when associated with imperfect repro- 
ducibility of centering of load along a line parallel to 
the terminal knife. 

The parallelism of knives is a most important 
balance adjustment which should always be carried 
out to the highest attainable perfection. Neverthe- 
less the remaining nonparallelism in practice is a 
demonstrable source of weighing imprecision. 
Although all too often forgotten this error was 
recognized long ago by Thiessen [7] and corrected 
by insertion of an intermediate knife edge _per- 
pendicular and coplanar with the terminal knife 
as illustrated in figure 3. The finite curvature of 
the intermediate knife will permit a very small 
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rhe upper universal coupling is the Knife- 


lge compensator and the 
1 ball bearing gimbal rit 


lower is 


NTERMEDIATE 
KNIFE 








FIGURE 3 An exploded sketch of the oscillating system 


apparatus 


of the 
ised in the arrestment study 
For simplicity, the mechanical structure which maintains the load a 


mediate flats in their proper relative positions is nct showr At tl 
exploded view of the knife-edge compensator 


movement of the effective point of suspension 
arising from rotation of the intermediate knife. 
A universal coupling or gimbal has been described 
[2] by which the intermediate knife is always 
vertically alined (see fig. 4). The major error from 
nonparallelism of knives then remaining arises from 
failure of the arrestment system precisely to reengage 
the suspension with the beam. 


4.2. Change in Inclination of the Terminal Flat 


The exactly analogous error arising from lack 
of reproducibility of load centering along a line 
perpendicular to the terminal-knife is associated 
with the finite knife radius. The error 6r is illus- 
trated in figure 5 and is of the order of péa where a 
in radians is the inclination of the terminal flat to 
the horizontal and p is the knife-edge radius. Even 
when p/r is less than 10°-*, 6a should also be less 
than 107* in balances workine near the highest 
attainable precision. 

Again the universal coupling (fig. 4) assures 
a highly reproducible inclination of the terminal 
flat, to the precision required [2], and the major 
remaining error from inclination of the terminal 
flat again arises from failure of the arrestment system 
precisely to reengage the suspension. 


4.3. Nonplanarity of Flats 


Figure 6 will be readily understood as illustrating 
the effects of nonplanarity of either the center or 
the terminal flat in conjunction with any failure 
to reproduce the exact contact configuration between 
knives and flats. 
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Figure 6. This sketch illustrates the 
eprod ic ble 


variability in r due to non- 


release ov non-ideal flat. 


ter knife is shown int , this source ot error is present 


Of course highly sharp knives, and flats that are 
planar within a fraction of an optical wavelength 
will help to reduce this error, but it is quite clear 
that the only good way of eliminating this as well 
as the two previous errors is not to uncouple knives 
and flats. 
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Ficure 7. This sketch shows a reading error which res ilts from 


nonre prod icthle release. 


4.4. Dependence of Balance Indication on Beam 
Placement 


The error arising from displacement of the pointer 
relative to the scale or equivalent parts of the 
read-out system is illustrated in figure 7. It is 
another of the errors associated with failure to 
reproduce the precise contact configuration of the 
balance bearings but it differs from the others in 
that it can be eliminated without resorting to a 
system in which knives are not removed from their 
flats. The observing system must be sensitive to 
beam angle alone such as can be attained with an 
autocollimator. 


4.5. Special Requirement for Arrestment Systems in 
in Which Bearings Remain Coupled During a 
Weighing Cycle, ‘‘Constant-Load’’ Arrestment 


Gould [8] after careful study of the one-kilogram 
balance of the National Physical Laboratory con- 
cluded that an improvement in performance would 
be achieved by retaining center-knife contact. This 
proved difficult experimentally. 

With the simplification associated with a two- 
knife design we have stipulated not only that both 
bearings should remain in contact but that the 
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Sketch of the apparatus used in the arrestment study. 


Instruments installed but not pertinent to this study are eliminated for clarity 


knives should be kept loaded, indefinitely, to nearly 
constant load forces. Our design of constant-load 
arrestment is described in section 5. 


4.6. Special Requirements for Arrestment Systems in 
Which Bearings Are Uncoupled 


It is recognized that situations might exist where 
decoupling of balance bearings is necessary. More- 
over, in our study of sources of arrestment errors 
an experimental distinction between those specifically 
connected with the uncoupling operation becomes 
desirable. It was incumbent upon us to set out the 
requirements and to design a near optimum 
arrestment system in which the bearings are 
uncoupled 

Corwin [6] has pointed out that in practice moving 
linkages necessarily introduce nonideal movements. 
We have therefore required an arrestment system to 
have no moving part responsible for the precision of 
alinement of the beam or suspension. The aline- 
ment should be accomplished by members rigidly 
and permanently attached to the balance frame. 

A study of the history of high-precision balances 
and the experience of previous workers in the field 
emphasize the need for the arrestment system to be 
capable of adjustment by simple rapid procedures. 


5. The Test Instrument 


A flexible test instrument has been constructed. 
Through the incorporation of thermocouples, vibra- 
tion pickups, strain gages, displacement gages, etc., 
it is too complex for routine use as a balance, but 
rather it is designed for the critical study of systems 
for 

a. arrestment 
b. damping 
¢. operation in controlled atmospheres 
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d. readout of balance indication 
e. vibration control 
f. temperature control. 


Only the first of these, that is the study of arrest- 
ment systems, is described in this paper. 

Figure 3 is a sketch of salient members of the 
oscillating system of the test instrument. Figure 8 
shows the external members necessary to the arrest- 
ment studies. 


5.1. Bearings 


The 1%-in. long knives are of Tantung G. 
center 4 in. of the terminal knife has been removed 


The 


to accommodate the intermediate-flat structure. 
The knife mounting is illustrated in figure 9. The 
facets are flat to one fringe and this flatness extends 
to within 0.0005 in. of the edge as indicated by 
micro-interferometry. 

The agate flats used are up to four fringes high in 
the center. Whenever electrical contact through 
the bearings is needed Tantung flats can be used 
without detectable change in performance. 

These are not the best possible bearings. For the 
arrestment studies it may be an advantage to work 
with appreciably non-ideal bearings (for example to 
demonstrate the minimization of the error discussed 
in section 4.3). 


5.2. The Beam and Suspension 


Only a very few special features deserve mention. 
The beam [9] differs from the sketch in figure 1 by 
having a semicylindrical counterweight owing to a 
last minute decision to reduce the balance capacity 
to 1 kg. The arm length is 2 inches. In the 
gimbal [5] of the suspension miniature nonmagnetic 
ball bearings are used. In the weight-loading system 
each loading tray can be individually adjusted to 
match the aspect to the working surface of the pan. 





5.3. The Arrestment System in Which Bearings 
Remain Coupled (‘‘Constant-Load”’ System) 





The mechanical system used for load change with- 
out uncoupling the bearings is shown in figure 10. 
A spherically ended member is rigidly attached to 
the upper link of the suspension. Immediately 
above this member and attached to the frame of the 

balance is a horizontal flat surface. Both members 
STAINLESS STEEL a . 
XNIFE ADJUSTMENT are stainless steel. Arrestment is accomplished in 
CYLINDER ADJUSTMENT two steps. First, a force is gradually applied to the 
system (comparable to the gradual removal of mass 
from the pan). This causes the suspension to rise 
slowly until the spherical surface comes into gentle 
contact with the flat. The force continues to in- 
crease; however, further upward suspension motion 
is prevented by the flat. The increase in force re- 
sduamane: nae tai sults only in driving these two surfaces into firm 
CONICAL COUNTER - contact. When the force is comparable to a 30-mg 
SUNK HOLE weight removal, the second step of the process is 
started. This consists of raising the weight-transfer 
tray until the weight on the pan has been lifted free 
and clear. This condition is shown on the right in 
figure 10. When the pan is empty, the force of 
ee contact between the sphere and flat is about 1 kg. 











FicurE 9. The method of mounting and adjusting the knives on 
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FicurE 10. The ‘‘constant-load’’ method of arrestment. 


For simplicity the assembly of flats between the load and intermediate knives is not shown—the important point is 
that these two knives remain in contact with their associated flats in both the ‘“‘released’’ condition (on the left) an in 
the “arrested” condition (shown on the right). To operate the system the weight transfer tray is moved upward. When 
it comes into contact with the weight on the pan (thereby accepting part of the weight-load from the pan) the suspension 
moves upward indicating a smaller weight load. When the sphere (on the suspension) touches the flat (on the frame) 
the upward motion of the suspension is terminated, and continued upward motion of the tray results in lifting the load 
free and clear of the pan. Under these circumstances, the counterweight moment maintains all knives and flats in the 
system in contact and loaded at their operating load level. 


232 





The next weight is then lowered onto the pan which 
returns the contact force between the sphere and 
flat to its previous value of about 30 mg. This 
force is gradually removed which permits the sphere 
to fall gently away from the flat and oscillate 
around its new equilibrium position. The signifi- 
cant point is that during the entire process the con- 
tact forces between the knives and flats in the system 
have varied only slightly from their operating levels. 
Thus, by maintaining contact between knives and 
flats during loading, we have minimized knife-flat 
recoupling errors associated with faulty release. 
The variable force was applied to the system me- 
chanically by the removal of small weights from 
hangers on the yoke. It might be mentioned here 
that we were able to apply a variable force to the 
beam electrostatically through a condenser arrange- 
ment shown in figure 8. This was done in connec- 
tion with another study not pertinent to arrestment. 
The data presented in this report were taken when 
the beam was manipulated by the addition or re- 
moval of small weights. The beam can also be 
manipulated by merely raising the weight transfer 
tray as shown in figure 10. 


5.4. The Arrestment System in Which Bearings Are 
Uncoupled (‘‘Rocking-Beam”’ System) 


Figure 11 illustrates the essential features of the 
arrestment system fulfilling the requirements stated 
in section 4.6. At the top, the balance is shown in 
its “weighing position.” It is rotating about its 


center knife with the suspension load ‘indicated by 


the load flat. In the second view the beam lifter 
has forced the counterweight end of the beam up- 
ward and the load end downward until the load flat 
is “just” in contact with three alinement pins, A, 
B, and B’. Pin B’ is on the opposite side of the beam 
and therefore not visible. These pins are rigidly 
attached to the bed plate as illustrated. As the 
beam lifter continues upward, the load flat load is 
surrendered by the load knife to the three alinement 
pins. For reasons which will be explained later, 
the beam lifter has not contributed to the system 
alinement in this operation. All guidance has been 
achieved by the regular contact characteristics 
between the center knife and flat; and, depending 
upon the geometric perfection of the center knife, 
the motion of the beam has been around the center 
knife axis. With the contact broken between the 
load knife and flat, the beam and suspension are 
decoupled and the balance is acceptably arrested. 
Release is 
and permitting the load knife and flat to recontact. 
If it is desired to break the center-knife contact, the 
beam is rotated beyond the ‘“‘partial-arrest’’ posi- 
tion to the ‘‘complete-arrest’’ position shown at the 
bottom. The beam-lifter is prevented from placing 
a horizontal force on the system since it is fabricated 
from a ball bearing riding on a ball bushing. Thus, 
even though its vertical motion may be imperfect, 
any horizontal component is taken up by the ball 
members. This assembly is shown in figure 12. 
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Figure 12. The construction details of the ball bearing device 
which inhibits the application of horizontal components, to the 
rocking beam due to imperfect motion of the beam lifter. 


6. The Observed Arrestment Error 


The quantitative evaluation of the arrestment 


| error was accomplished by running the test instru- 


| 


| negligible. 


ment through many arrestment cycles (as defined 
in section 3) so that errors associated with slow 
drift could be effectively eliminated. The error in 
read-out indication could be demonstrated to be 
For the experiments here described the 
instrument was not artificially damped, and the 
beam period initially used was 32 sec. 
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Apart from the comparison (in section 6.1 below) 
of the “rocking-beam”’ arrestment system (compare 
section 5.4) with the “constant-load” system (com- 
pare section 5.3) it was found necessary to investigate 
(in section 6.2) the influence of the beam-swing 
period (in section 6.3), 
ment errors, and (in 
external vibrations. 


the occasional large arrest- 


section 6.4) the influence of 


6.1. Comparison of ‘“Rocking-Beam’’ With the 
“Constant-Load”’ Arrestment System 


The first test was performed by using the “rocking- 
beam’ arrestment in the “partial-arrest’’ mode (as 
described in section 5.4 The same 1-kg_ brass 
weight was used to load the pan during each operating 
cycle. The data taken during this experiment is 
shown in figure 13A. The standard deviation of 
the balance indication for one single observation 
from the estimated mean (shown by the dotted 
line) is about 15 yg, that is 1.51078 of the load. 
The data indicates that at unpredictable intervals 
an arrestment error of about 150 we (1.51077 of 
the load) can occur (see further discussion in section 
6.3). 

The rest of the test program was conducted on the 
mode of arrestment in which knives and flats were 
maintained in contact under constant load through- 
out the operating cycle (see description in section 
5.3). Several evaluation runs were made—a typical 
set of data is shown in figure 13B. The standard 
deviation in this run is about 5 we (5X10~-° of the 
load) which does not differ significantly from the 
standard deviation of 4.8 ug based on 80 points 
taken in several similar experiments. As predicted 
in section 4 the “constant-load”’ arrestment is signifi- 
cantly superior to the ‘‘rocking-beam”’ system. 


6.2. The Influence of Beam-Swing Period on 
Arrestment Errors 


When by sensitivity adjustment the beam-swing 
period was increased to 65 sec, the standard deviation 
associated with the arrestment 
increased (fig. 14, curve A). 

A closer inspection of the experimental points, 
however, suggests that the error associated with one 
of the arrestment cycles is abnormally high. If one 
concludes that the disturbance to the balance during 
this eycle was unusually large and that it should 
therefore be rejected as unrepresentative, one can 
reinterpret the same data as in curve B in figure 14. 
The standard deviation is now about 
slightly better than 
period. 


error apparently 


3 pe, that is 
for the shorter beam-swing 


6.3. The Occasional Large Arrestment Error 


For all the runs so far described it soon became 
obvious that occasional very large arrestment errors 
were typical. These could not just be explained by 
a Statistical spread of random results; nor could 
they be predicted by any irregularities in balance 
handling. It may be mentioned in passing that a 
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Figure 13A. Variations in the indicated change in mass, 


plotted as a function of time when run through 24 operating 
cycles (defined in the text of the report) using the rocking beam 
method of arrestment. 


B. Variations in the indicated change in mass, plotted 
as a function of time when run through 24 operating cycles 
using the constant load method of arrestment. 

In this experiment the frequency of the beam system as 1/32 ¢/s 


C. Variations in data when the 


unstrume nt is ope rate ad at 
1/65 c/s in a low vibration ambient. 

possibly similar effect is associated with the operation 
of the NPL balance [8], where occasional observations 
are rejected for presumed mishandling of an arrest- 
ment system in which skill is known to play a consid- 
erable part. 


6.4. The Influence of External Vibrations 


The occasional unpredictable jump in_ balance 
indication became of great importance to this study 
of arrestment errors. Rejection of some observations 
is properly resisted by experimenters. Without such 
rejection the observed arrestment error and ultimate 
weighing precision is appreciably affected by these 
occasional unpredictable jumps in balance indication. 

It was ultimately discovered that when all vibra- 
tional disturbances (nearby ventilation motors and 
air-conditioning compressors) were removed the 
occasional large shifts in indication did no longer 
occur. The observed arrestment error was reduced 
from 5 to about 3 ue (see fig. 13C). 
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Figure 14A. Variations in indicated change in mass during 
seven operating cycles. 
Balance frequency was 1/65 ¢/s 


B. This is the same data as was presented in figure 14A but ‘ sodas aS 
with most of the data spread forced into one major shift. (J aper 67C3-133) 
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Determination of Residual Thiosulfate in Processed Film 
Chester I. Pope 
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The Crabtree-Ross procedure, employing the reaction of thiosulfate with mercuric 
chloride to form a turbid solution is the usual test for residual thiosulfate in proceszed film. 
Qualitative tests showed that in this procedure part of the precipitate remains in the geictin 
layer of the film, causing the reported concentration of thiosulfate to be too low. When 
residual thiosulfate was measured in the presence of image silver, the image silver con- 
tributed an additional component to the turbidity. A new test procedure was developed 
which also employs mercuric chloride as the precipitant but which reveals 2 to 3 times as 
much residual thiosulfate as does the Crabtree-Ross procedure. Residual silver causes the 
formation of additional turbidity which is determined as residual thiosulfate. A trace of 
gelatin is dissolved from the film during the thiosulfate test, the amount depending on film 
type. The trace of gelatin had a pronounced effect on the amount of turbidity. The ad- 
dition of a known amount of gelatin to the test solution masked the effect of dissolved 


gelatin, making it possible to prepare one calibration curve for all types of film. 
method of measuring the residual silver in processed film was developed. 
nephelometer was used to measure the turbidity. 


1. Introduction 


The reaction of thiosulfate with mercuric chloride 
to form a precipitate is the basis for a turbidity test 
which has been used for the past 30 years to deter- 
mine the residual thiosulfate in processed film. The 
test is known in the literature as the Crabtree-Ross 
hypo test [1].'. In the test a sample of film is im- 
mersed in a solution of mercuric chloride and potas- 
sium bromide and the turbidity is compared visually 
or by a photoelectric instrument with that produced 
in standard solutions containing known amounts of 
thiosulfate. 

Analytical results have been reported [3, 4] to in- 
dicate that the Crabtree-Ross test measures all of 
the residual thiosulfate in processed film. However, 
the analysis of such small quantities of thiosulfate by 
chemical methods is subject to considerable error. 
It has been suspected that some of the precipitate 
formed in the reaction of thiosulfate with mercuric 
chloride remains in the gelatin layer, giving low 
values for the thiosulfate content. Also the com- 
parison or standard solutions in the Crabtree-Ross 
test are not always reproducible and sometimes vary 
as much as 50 percent for the 5 ug standard, de- 
pending on how rapidly the thiosulfate was mixed 
in the preparation of the solutions. 

It has been shown that potassium bromide can 
eliminate all of the thiosulfate from film after fixa- 
tion [5]. A new thiosulfate test procedure has been 


1 Figures in brackets indicate the literature references at the end of this paper. 


A new 
A photoelectric 


developed in which the residual thiosulfate is ex- 
tracted from the film by treating the sample in a 
solution of potassium bromide. The mercuric chlo- 
ride is added after removal of the film sample. In 
the new procedure, any residual silver in the form 
of a silver thiosulfate complex is removed by the 
potassium bromide. The silver then reacts with the 
halide present in the test solution to form a precipi- 
tate which adds to the turbidity formed by the thio- 
sulfate. The effect of gelatin on the turbidity in the 
thiosulfate test procedure was determined. 
Qualitative tests were made to show that part of 
the precipitate remains in the gelatin layer when the 
Crabtree-Ross test procedure is used. The effect 
of the image silver on the turbidity in the Crabtree- 
Ross test procedure was also investigated. A new 
test method was developed for determining the resid- 
ual silver in processed film by measuring the trans- 
mission density of a silver image developed from the 
silver in the residual silver thiosulfate complex. 


2. Test Methods 


The solutions and experimental procedures used 
in this investigation for determining the residual 
thiosulfate in processed film are given below. The 
films were 35mm. The area of the film test sample 
was 1 in.2. Round samples were punched from un- 
perforated film with a special punch and rectangular 
samples were cut from perforated film using a metal 
stencil. Two or more specimens were tested for each 
determination of residual thiosulfate content. ‘Two 
or more standard solutions were made in each run 
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to determine the turbidity for each thiosulfate con- 
centration and prepare a calibration Curve. The 
tests were made at room temperature (23 to 27 °C). 

The processing solutions used in preparing the film 
samples were the same as those described in a previ- 
ous publication [5]. Samples of 35 mm film 10 in. 
in length were developed 5 min, treated in a stop bath 
. fixed in a fresh acid hardening bath or one 
containing 8 ¢ of silver per liter, and washed in run- 
ning tap water for selected times at different water 
temperatures to obtain a range of residual thiosulfate 
concentrations in the processed film. The thiosul- 
fate-free film samples used in the tests were obtained 
by fixing in a fresh bath and removing the residual 
thiosulfate in the washing no thiosulfate 
eliminators were used. The thiosulfate concentra- 
tions are expressed in terms of anhydrous sodium 
thiosulfate (Na :5.QO;) in micrograms per square 
inch (ug/in.*) 


30 sec 


process 


2.1. New Thiosulfate Test Procedure 


Solution Ao 
Potassium bromide 
Water to make 


50.00 ¢ 


1 liter. 
Solution A 
Potassium bromide 
Water to make_- 
Filter and add 0.10% 


50.00 o. 
__ 980 ml. 
velatin solution 20 ml. 
Solution B 
Mercurie chloride 


50.00 oe. 
Water to make 


1 liter. 


Solution A should be stored in a refrigerator and 
brought to room temperature before use. 

The solutions were made up with distilled water 
and filtered through highly purified filter paper. 


The mercuric chloride was dissolved at room temper- 


ature. The potassium bromide, mercuric chloride, 
and the sodium thiosulfate (Na2S.0,5H.O) used in 
the thiosulfate standard solutions were of reagent 
quality, meeting ACS specifications. The gelatin 
was photographic erade. 

The solutions were delivered from burets to 19 
mm by 105 mm round cuvettes. The tip of the 
buret containing solution B was widened to permit 
delivery of 5 ml in about From the buret, 
5 ml of solution Ay or A was added to the cuvette. 
The test sample of film was folded twice with the 
emulsion side facing in and placed in solution A, 
or Afor 15min. The cuvette was agitated frequently 
during the immersion period. The sample was re- 
moved with a glass rod having a toe on the bottom 
end. The surface liquid was squeezed off as much as 
possible during removal. Then 5 ml of solution B 
was added from the buret and the cuvette was 
swirled immediately to insure rapid mixing of the 
solutions. The mixture was also stirred with the 
glass rod for a few seconds. The cuvette was wetted 
on the outside, wiped dry with soft tissue, and allowed 
to stand 30 min before the turbidity was measured. 


5 or 6 see. 
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Standard solutions were prepared by adding known 
amounts of sodium thiosulfate to 5 ml of solution 
A, or A, thoroughly mixing, adding 5 ml of solution 
B, and proceeding as described above in testing film. 
The standard solutions containing known amounts of 
thiosulfate were prepared as described in the Ameri- 
can Standards Association method [2] for determining 
thiosulfate in processed film. No correction was 
made for the increase in volume of the test solution 
with the addition of the thiosulfate solution, since 
the error introduced is negligible. 


2.2. Crabtree-Ross Thiosulfate Test Procedure 


The following solution was made up with distilled 
water and filtered through highly purified filter 
paper: 

Potassium bromide 

Mercurie chloride 

Water to make 


25. 00 g. 
25. 00 g. 
Seber aw 1 liter. 


The potassium bromide and mercuic chloride were of 
the same reagent quality as used above. 

From a buret or pipet 10 ml of the above solution 
was added to a cuvette. The film sample was folded 
with the gelatin side in and immersed in the test 
solution for 15 min without agitation. Then the 
sample was removed, the solution was stirred with a 
glass rod, and the cuvette was allowed to stand 15 
min before the turbidity was measured. The 
standard solutions containing known amounts of 
sodium thiosulfate were prepared and added as de- 
scribed in the American Standards Association method 
|2| referred to in section 2.1. 


2.3. Turbidity Measurement 


The turbidities of the test solutions were measured 
with a Coleman No. 9 nephelometer. In_ this 
instrument, a collimated beam of light from a tung- 
sten lamp passes into the test solution, the light 
scattered at right angles to the exciting beam is 
detected by two photocells, and the output of the 
photocells is indicated on a meter. The nephelom- 
eter was calibrated by a Coleman turbidity standard 
of 74 units before each measurement. This standard 
did not change within a period of a year relative to 
other Coleman standards of 10, 18, 33, and 74 units. 
For readings above 130 units, the nephelometer was 
adjusted to make the standard of 74 units read 10 
or 5 on the scale, making each unit on the scale equal 
to 7.4 or 14.8 units, respectively. The cuvettes 
were matched Coleman A orade. For the measure- 
ment, the cuvette was placed in a well containing 
sufficient distilled water to cover its three windows. 


3. Results and Discussion 


3.1. Effect of Time and Temperature on the Extrac- 
tion of Thiosulfate From Processed Film 


The treatment of processed microfilm and motion 
picture film for 15 min in solution A, at room temper- 
ature (23 to 27 °C) was found to be sufficient to 





extract the residual thiosulfate and residual silver 
from the film sample. Clear (image-free) samples 
fixed in a fresh bath and in a bath containing 8 g of 
silver per liter were tested. Some of the samples 
were treated a second time in solution A, to determine 
if any measurable amount of thiosulfate remained. 
No thiosulfate was found in samples having a low 
residual thiosulfate concentration but 1 to 2 yg per 
in.? was found in microfilm and 1 to 5 yg per in. 
was found in motion picture film having a residual 
thiosulfate concentration of 
Most of the thiosulfate was 
5-min treatment in solution Ay. Extending the time 
to 30 min did not yield more thiosulfate than a 
15-min treatment. As an example of the rapidity 
of the removal of the thiosulfate from the film, one 
sample of microfilm, containing 29 ug of thiosulfate 
per in.’ after fixation in a bath containing 8 g¢g of 
silver per liter, tested 20 ug per in.’ after treatment 
for 1 min in solution Ao. Any turbidity resulting 
from the residual silver adds to that formed by the 
residual thiosulfate and is determined in the new 
test procedure as thiosulfate. 

Tests were made to determine the amount of 
residual thiosulfate extracted from film by distilled 
water. Clear (image-free) samples were treated in 
5 ml of distilled water, removed, and 0.25 ¢g of 
potassium bromide added to give a 5-percent solu- 
tion of potassium bromide before the addition of 
the 5 ml of solution B. About 30 percent of the 
residual thiosulfate was extracted from samples of 
microfilm containing 8, 14, 17, 34, 54, and 59 yg of 
thiosulfate per in.’ after fixation in a fresh bath. 
Only 1 to 3 ug of thiosulfate was extracted from 
samples of microfilm containing 14, 25, 34, 44, 
and 46 yg of thiosulfate per in.’ after fixation in a 
bath containing 8 g of silver per liter. The bromide 
ion in solution A, decomposed the residual silver 
thiosulfate complex making the thiosulfate and 
silver soluble. 

The effect of temperature on the extraction of the 
residual thiosulfate by solution Ay was investigated. 
Tests were made at room temperature and a lower 
temperature on the same strip of film at the same 
time. After extraction, the specimens at the lower 
temperature were brought to room temperature be- 
fore the addition of solution B. One sample of 
microfilm extracted at 7 to 9 °C tested 14 yg of 
thiosulfate per in.’ and at 26°, 17%¢ ug in.*; and a 
second sample at 13 °C tested 13 ug/in.? of thio- 
sulfate and at 26 °C, 15 yue/in2 Both samples had 
been fixed in a bath containing 8 g of silver per liter. 
From the above data it may be inferred that a 
change of 3 °C in solution A, would cause an error 
of about 's ug of thiosulfate per in.” 


30 to 100 ug per in.’ 
removed during a 


3.2. Effect of Gelatin on the Turbidity in the 
Thiosulfate Test 


Solution B was added to solutions of A, containing 
5, 10, 20, and 40 ug, respectively, of sodium thio- 
sulfate. Then the tests were repeated, except that 
l-in.? samples of clear (image-free) thiosulfate-free 
film were immersed in solution A, for 15 min and 
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removed before the addition of the thiosulfate and 
solution B. The turbidities are shown in table | 
for different types of film and the above thiosulfate 
concentrations. For solutions containing more than 
5 we of thiosulfate, the turbidity of the solutions 
treated with film were much higher than the con- 
trols. The turbidities for microfilm specimens 
differed from those for motion picture film. The 
results suggested that the turbidity might be in- 
creased by an agent extracted from the film such as 
gelatin, causing a more highly dispersed precipitate. 
Turbid test solutions treated with film appeared 
bluer than those not treated. The turbidities in 
table 1 were reproducible to within 5 percent for 
each type of film. It appeared at first that a 
calibration curve would have to be prepared for 
each type of film, but this would have made the 
test procedure impractical. 

Tests were then made to determine the effect of 
gelatin on the turbidity of the test solutions. Small 
concentrations of gelatin were added to solution A, 
containing known concentrations of sodium thio- 
sulfate after which the required amount of solution 
B was added. It was found that traces of gelatin 
significantly increased the turbidity in the thio- 
sulfate test solution. As little as 3 parts of gelatin 
in a billion caused a detectable change of the 
turbidity in the thiosulfate test solution! 


TABLE 1. Effect of different films on the turbidity in the 
thiosulfate test when solution A, was treated with 1 


square 
inch of image-free thiosulfate-free film 


rurbidimetric units 


Thiosul fate 
added after Data taken M 
removal of from calibra 

film tion curve 


treatment. 
icrofilm Motion pi 


Micrograms 


In order to evaluate the effect of gelatin concen- 
tration on turbidity, a 0.10-percent gelatin solution 
was made up as follows: About 10 g of photographic 
erade gelatin were heated in 600 ml of distilled 
water at 50 to 60 °C for 1 hr with frequent stirring. 
About 200 ml the warm solution were filtered 
through 2 layers of highly purified filter paper. The 
solid content of the filtrate was determined by 
pipeting 10 ml into a tared 20 ml beaker, heating in 
an oven at 100+2 °C for 24 hr, and weighing the 
beakers and residue. From the weight of the solid 
residue in the 10 ml aliquot the volume of the filtrate 
containing 1 ¢ of gelatin was calculated and this 
volume of filtrate was diluted to 1 liter with distilled 
water to obtain the 0.10-percent gelatin solution. 
A commercial food gelatin gave the same results as 
the above photographic gelatin, but it developed a 
fungus growth after storage for » weeks in a refriger- 





ator, while the photographic erade has 
stable for 8 months in a refrigerator. 

The effect of gelatin concentration on the turbidity 
in the thiosulfate test was determined for 10, 20, 
and 40 ug of sodium thiosulfate by adding different 
amounts of gelatin to solution Ap. Solution Ay was 
made up to 1000 ml less the volume of gelatin solu- 
tion to be added, filtered, and the gelatin solution 
added. The gelatin solution was added after filtra- 
tion to avoid any effect of the filter paper on the 
concentration of the gelatin. In the tests, the thio- 
sulfate was added to solution A, containing gelatin, 
followed by solution B. In figure 1 the gelatin 
concentrations are plotted against turbidimetric 
units for the 3 thiosulfate concentrations. These 
curves show that very low concentrations of gelatin 
in the test solution (1 to 10 ug per 10 ml of test 
solution) have a large effect on measured turbidity 
in the thiosulfate test. Between 50 and 200 ug per 
10 ml of test solution, however, the change in 
measured turbidity is very slight. The data in 
figure 1 suggest that the effects of different amounts 
of gelatin dissolved from different types of film might 
be eliminated by increasing the gelatin concentration 
in the test solution. 

A concentration of 100 ue of gelatin in 5 ml of the 
extracting solution A, was selected for the new thio- 
sulfate test procedure and is hereafter designated 
solution A. Tests were then made to determine if 
treatment of different types of clear (image-free) 
thiosulfate-free film in solution A would give the 
same turbidity for a given thiosulfate concentration. 
Samples of 1 in.’ of film were immersed in solution A 
for 15 min and then removed before the addition of 
thiosulfate and solution B. Samples of three differ- 
ent microfilms and two motion picture films were 
tested at 5 thiosulfate concentrations (5, 10, 20, 40, 
and SO wg per 10 ml of test solution). The measured 
turbidities for each concentration agreed within 
experimental error with the corresponding turbidities 
obtained for each of the above thiosulfate concentra- 
tions when solution A was not treated with a film. 
These results demonstrated conclusively that the 
effect on measured turbidity of gelatin dissolved from 
the film had been eliminated. 

The nephelometer calibration curve shown in 
figure 2 was prepared by plotting measured turbidi- 
ties as a function of thiosulfate concentration. The 
plotted values were an average of five or more 
determinations. In this new test procedure the rapid 
mixing of solutions, A and B, and the added gelatin 
formed a reproducible turbidity. The curve in 


remained 


figure 2 shows a sharp change between 6 and 8 ug 


of thiosulfate, but is linear from 9 to 100 ug. Figure 
3 is an enlarged scale of a portion of figure 2 showing 
more clearly the sharp change in the calibration 
curve for the lower thiosulfate concentrations, those 
of chief concern in microfilm practice. In the Crab- 
tree-Ross test procedure the turbidity readings for 
the standard solutions were not always reproducible 
and sometimes varied as much as 50 percent for the 
5 wg standard. The rate of mixing of the thiosulfate 


in the test solution appears to affect the particle size 
of the prec ipitate. 














FicurE 1. Effect of gelatin concentration on the turbidity 
formed by the reaction of mercuric chloride with thiosulfate 
‘after the addition of 5 ml of solution B to 5 ml of solution Ao 
for 3 thiosulfate concentrations. 


The concentration of sodium thiosulfate is shown on the curves, 
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Figure 2. Nephelometer calibration curve showing the turbidity 
formed by the reaction of mercuric chloride with thiosulfate 
‘after the addition of 5 ml of solution B to 5 ml of solution A. 
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Ficure 3. An enlarged scale of the calibration curve in figure 2 
for the low sodium thiosulfate concentrations. 


A trace of thiosulfate is held by the film in the 
thiosulfate test. It was found that the 1-in.? micro- 
film samples removed 0.03 to 0.05 ml of solution A. 
This loss was determined by weighing, in a tared 
glass stoppered bottle, three 1-in.* samples, before 
and after treatment in solution A. The loss of this 
amount of solution does not introduce any significant 
error, especially for the low residual thiosulfate con- 
centrations. ‘Tests were made by treating solutions 
of A containing 10 to 70 ug of thiosulfate with clear 
(image-free) thiosulfate-free microfilm to determine 
the error caused by removing the film sample from 
solution A. There was a loss of about lug of thio- 
sulfate per in. regardless of the thiosulfate concen- 
tration. If the film sample was not removed before 
the addition of solution B, the sample sometimes 
interfered with the formation of the precipitate giving 
low turbidity values. Evidently the film absorbed 
the thiosulfate in the emulsion or on the film base. 
A correction of 1 wg might be applied. This correc- 
tion is not significant for high thiosulfate con- 
centrations, but it may be desirable to add it at 
concentrations below 20 ug per in.’ for accurate 
determination of residual thiosulfate. 


3.3. Comparison of the New Test Procedure With 
the Crabtree-Ross Test Procedure 


Unexposed strips of 35-mm film, cut 10 in. in 
length, were developed, treated in a stop bath, fixed, 
and washed at different water temperatures and for 
different times to obtain image-free samples with a 
range of residual thiosulfate concentrations. The 
film strips were stored about 2 to 3 weeks before 
testing. Analysis of the residual thiosulfate content 
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| on the same strip of film in each run. 


| silver per liter. 


was made by the two procedures at the same time 
A calibration 
curve was prepared for the Crabtree-Ross test pro- 
cedure and calibration curves for the new procedure 
are shown in figures 2 and 3. Samples of 1 in? of 
film were cut or punched from the strip, alternate 


| samples 1 and 3 being used in one procedure and 2 


and 4 in the other. The duplicate in both procedures 
generally gave the same residual thiosulfate content, 


| occasionally differing by % to 1 ug in the low thio- 


sulfate concentrations and 1 to 2 in the high. The 
average residual thiosulfate concentrations of the 
duplicate samples for the two procedures are given 
in table 2 for microfilm and motion picture film after 
fixation in a fresh bath and a bath containing 8 g of 
The thiosulfate concentrations for 
the new procedure were not corrected for the 1 yg 
of thiosulfate per in.? which is normally absorbed by 
the film. As shown in table 2, the new test procedure 
measured 2 to 3 times as much residual thiosulfate 
in processed film as the Crabtree-Ross test procedure. 


TABLE 2. Comparison of residual thiosulfate concentrations 
obtained from the new thiosulfate test and the Crabtree-Ross 
thiosulfate test for the same sample of image-free film 


Thiosulfate, micrograms per square inch 


Microfilm Motion picture film 


New 
procedure 


Film 
brand 


Crabtree- 
Ross 
procedure 


New rabtree- 
procedure Ros 


Film brand s 
procedure 


Fixed in a fresh bath 


A. 
A 
A 
B 
B 


B 


yath+8 g of silver per liter 


64 


The lower residual thiosulfate concentrations 
measured by the Crabtree-Ross procedure may be 
attributed to the precipitation of some of the 
reaction product from the thiosulfate and mercuric 
chloride within the gelatin layer of the film. Thus, 
only a part of the thiosulfate is extracted to form 
a precipitate in the test solution. The presence of a 
precipitate in the gelatin layer after treatment in 
the Crabtree-Ross test solution was determined 
qualitatively by dissolving the gelatin and observing 
the turbidity of the solution. One-in.? samples from 
clear (image-free) microfilm containing 0 and 50 to 
70 we of residual thiosulfate were treated in the 
Crabtree-Ross test solution for 15 min, washed 10 





min, and treated in 10 ml of a -percent solution of 
pancreatic enzyme at about 55 °C for 30 min to 
dissolve most of the gelatin. On visual inspection, 
there was considerably more turbidity in the enzyme 
solution for films containing residual thiosulfate than 
the one containing none. The precipitate in_ the 
enzyme solutions for films containing thiosulfate 
appeared bluish, but the blank was brownish gray. 
In other tests on microfilm having a high residual 
thiosulfate concentration, the turbidity remaining 
after solution of the gelatin roughly corresponded 
to the difference of residual thiosulfate content 
measured by the new test procedure and the Crab- 
tree-Ross test procedure. In another test, 1-in. 
samples of clear (image-free) microfilm containing 
17, 39, and 51 ue of thiosulfate were treated in 10 ml 
of the Crabtree-Ross test solution for 15 min, 
washed 10 min, and heated in 10 ml of a 5-percent 
solution of citric acid at 70 to 80 °C for about 1 hr 
to dissolve the emulsion. There was considerably 
more turbidity in the solutions for films containing 
residual thiosulfate than for the one containing none. 
The degree of turbidity was in the same order as 
the residual thiosulfate concentrations of the films 
whether estimated visually or measured with the 
nephelometer. Again the precipitate in the solutions 
for the films containing residual thiosulfate was 
bluish, but the blank was brownish to gray. When 
the above solutions were made alkaline with concen- 
trated ammonium hydroxide, most of the turbidity 
in the sample containing no thiosulfate was elimi- 
nated while the solutions for films containing thio- 
sulfate became quite bluish and the turbidities were 
in the same order as the residual thiosulfate contents 
when estimated visually or measured with nephe- 
lometer. 

The presence of a precipitate in the gelatin layer 
was also shown by measuring the transmission 
density of the film sample after treatment in the 
Crabtree-Ross test solution. Clear (image-free) 
microfilm samples containing 0, 60, 70, 103, and 
150 we, of residual thiosulfate per in.? were treated 
for 15 min in the Crabtree-Ross test solution, 
washed 15 min, dried, and the transmission density 
of the samples measured. The untreated microfilm 
had a density of 0.07. The control sample having 
0 wg of thiosulfate per in.? had a density of 0.08; 60 


ug, 0.09; 70 we, 0.10; 103 we, 0.11; and 150 ue 0.13. 


The above data showed that a precipitate was present 


in the gelatin layer and its density increased from 
0.01 to 0.05 above that of the control. 

The above results explain why the Crabtree-Ross 
test procedure gave low values for the residual thio- 
sulfate content in processed film. The gelatin effect 
on the turbidity was not investigated for the Crabtree- 
Ross test procedure, but it probably small since 
the test solution is acid. 


3.4. Effect of the Image Silver on the Crabtree-Ross 
Test Procedure 


Residual thiosulfate contents determined by 
new 


the 
test procedure and the Crabtree-Ross test pro- 


cedure in the silver image of processed film did not 
show the same difference as those determined for 
clear (image-free) film. Flash-exposed strips of 35- 
mm film, cut 10 in. in length, were developed, treated 
in a stop bath, fixed, and washed for different times 
to obtain samples with a range of residual thiosulfate 
concentrations. The thiosulfate were made 
within 4 hr after processing. The samples were 
tested by the two test procedures as described in 
section 3.3. The comparative results for a micro- 
bath containing 8 g 


tests 


film fixed in a fresh bath and 
of silver per liter are given in table 3 for an image 
density of 5. The residual thiosulfate contents from 
the two test procedures were about the same for 
thiosulfate concentrations of 20 ug per in.’ and higher, 
but the Crabtree-Ross test proc ‘edure gave higher 
thiosulfate contents in the range of 10 ug of thio- 
sulfate per in.2 Other tests on microfilm for image 
densities of 0.02, 0.72, 1.62, and 2.48 showed that 
the thiosulfate contents from the Crabtree-Ross 
procedure were about one-half the value obtained 
from the new procedure at a density of 0.02, but 
approached those from the new procedure as the 
image density increased. Thiosulfate contents indi- 
cated by both procedures became about equal at 
image densities of 4 to 5. The above results show 
that the Crabtree-Ross test procedure gives higher 
residual thiosulfate contents in the presence of image 
silver than in clear (image-free) film and this differ- 
ence may result from the addition of silver to the 
test solution forming a turbidity of silver halide. 
In the Crabtree-Ross test procedure the silver in the 
image is bleached by the mercuric chioride, forming 
silver halide in the film. Any residual thiosulfate 
present could form a soluble silver thiosulfate com- 
plex which migrates into the test solution where it 
decomposes to form an additional turbidity of silver 
halide and is measured along with that formed by 
the reaction of thiosulfate with mercuric chloride. 
TABLE 3. 
obtained from the 
thiosulfate test for 


of residual 
thiosulfate 


microfim hat 


Comparison thiosulfate 
test and the 


ng a densit 


concentrations 
Crabtree-Ross 


/ of ?. 


new 


resh bath f silver per liter 


New procedure Crabtree-Ross 


procedure 


Crabtree-Ross 
procedure 


Different amounts of silver as silver nitrate were 
added to the Crabtree-Ross test solution and the 
turbidities measured. The standard silver solutions 
were made up and added by the same method used 
for the standard thiosulfate solutions. Figure 4 
shows the calibration curve obtained by plotting the 
turbidimetric units against the silver concentration 
in the Crabtree-Ross test solution. The calibration 
curve showed that the turbidity of the silver halide 

varied linearly with the silver concentration and also 
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Ficure 4. Calibration curve showing the turbidity formed by 
silver added as silver nitrate to 10 ml of the Crabtree-Ross 
thiosulfate test solution. 


that a small amount of silver in the test solution 
would add appreciably to the turbidity in the thio- 
sulfate test. For example, 20 ug of silver gave a 


turbidity reading of 142 as compared to 204 for 20 ug 


of thiosulfate shown in figure 2 

The effect of image silver on the turbidity in the 
Crabtree-Ross test procedure was further investi- 
gated by adding a known amount of thiosulfate to 
processed microfilm. A 0.05 ml solution containing 
20 wg of sodium thiosulfate was pipeted onto 1-in.? 
samples of thiosulfate-free film punched from clear 
(image-free) strips and strips having an image den- 
sity of 5, evaporated to dryness in an oven at 50 °C, 
and the residual thiosulfate determined at the same 
time by the two test procedures. Duplicate samples 
were used for each test in the clear and image areas 
The amount of residual thiosulfate found by the new 
test procedure in exposed film (image density 5) 
was about the same as that found in clear film. In 
one run 19 ug of sodium thiosulfate were measured 
in the clear film and 17 ug in the exposed film; in a 
second run, there was 17 ug in the clear film and 16 
ug in the exposed film. The above results showed 
that the residual thiosulfate was accurately deter- 
mined in the presence of image silver if allowance is 
made for some loss of thiosulfate due to its tendency 
to react with silver to form silver sulfide. A trace 
of thiosulfate may also be oxidized by exposure to 
air during oven drying. 

The amount of residual thiosulfate found by the 
Crabtree-Ross procedure in exposed film (image 
density 5) was more than that found in an unexposed 
film. In one run, 11 yg of sodium thiosulfate were 
measured in the clear film and 17 yg in the exposed 
film. In a second run, there were 12 ug in the clear 


film and 19 yg in the exposed film. The results 
show that the exposed film tested higher in residual 
thiosulfate than the clear film, indicating that some 
of the silver in the bleached image had migrated into 
the test solution. The amount of thiosulfate found 
by the Crabtree-Ross test procedure in the clear 


| film was less than was found by the new test pro- 


cedure, due to the retention of some of the precipitate 
in the gelatin layer, as shown in section 3.3. 

3.5. Test for Residual Silver in Processed Film 

Residual silver in processed film is present as a 
silver thiosulfate complex. Appreciable amounts of 
residual silver may cause fading or yellowing of the 
image due to the formation of silver sulfide. A large 
concentration of residual silver in the film would 
indicate that the fixing bath contained too much 
silver for adequate removal of the silver thiosulfate 
complex during a normal washing procedure. A 
fresh fixing bath leaves no measurable residual silver 
in the film, but as silver accumulates in the fixing 
bath the tendency for the silver thiosulfate complex 
to remain in the film increases. The silver thiosul- 
fate complex is more difficult to remove in the wash- 
ing process than the thiosulfate. As the fixing bath 
approaches exhaustion the residual silver in the film 
becomes high and some of it remains after prolonged 
washing. 

The test for residual silver in processed film [6] 
now in use is only qualitative. In this test the film 
is treated with a 0.2-percent solution of fused sodium 
sulfide and a yellow stain is produced if sufficient 
residual silver is present. ‘Tests showed that at 
high residual silver concentrations a stain density 
of only 0.02 was produced in microfilm and 0.04 in 
motion picture film. A more sensitive and quanti- 
tative test was needed to indicate the amount of 
residual silver present in processed film. It 
been shown [5] that a 0.1-percent solution of potas- 
sium iodide will react with the residual silver thio- 
sulfate complex in processed film to precipitate silver 
iodide in the film. An investigation was made to 
determine if the silver in the silver thiosulfate com- 
plex could be converted to silver in the film and the 
amount of residual silver indicated by measuring the 
transmission density of the silver. 

Samples of unexposed microfilm and motion pic- 
ture film were fixed in a bath containing 8 g of silver 
per liter and washed for different times to obtain a 
range of residual thiosulfate concentrations accom- 
panied by high residual silver concentration. It was 
found that the residual silver in the silver thiosulfate 
complex could be converted to a silver image by 
treating it in a developer containing 2 g of potassium 
iodide per liter, while exposing it to light. The opti- 
mum concentration of potassium iodide was 1's to 3 
g per liter of developer solution. If there was less 
th: an 144 g of potassium iodide per liter, not all of the 
residual silver was converted to image silver and if 
above 3 g, some of the silver iodide passed into solu- 
tion before development. For the test procedure, 2 
g of potassium iodide per liter of developer solution 
was used. The following developers were used in the 


has 


| experimental work and gave the same results: 
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De ve lope r al 


Amidol, 2,4-diaminophenol dihydro- 
chloride 

Sodium sulfite, anhydrous 

Potassium iodide 

Water to make 


Deve loper B 


Monomethyl p-aminophenol sulfate 
Sodium sulfite, anhydrous 

H vdroquinone 
Sodium carbonate, 
Potassium iodide 
Water to make 


anhydrous 


The developer should be fresh and develope r A 
should be made up just before use. The film sample 
was treated in the developer solution for 20 min with 
occasional stirring while exposed to a 100-w tungsten 
lamp located 6 in. from the surface of the solution, 
treated 1 min in a stop bath containing 12 ml 
clacial acetic acid per liter, and washed 15 min. The 
the silver images obtained for the differ- 
ent thiosulfate concentrations were very reproducible 
and correlated well with the thiosulfate concentra- 
tions. Silver in the image was identified qualita- 
tively by dissolving the image in nitric acid and 
obtaining a precipitate of silver chloride atter the 
addition of sodium chloride. Film samples of the 
silver image were immersed in water for 5 min and, 
after removal of the surface water, they were bleached 
over concentrated hydrochloric acid, dried, and re- 
developed with light in developer A. The same den- 
sity could be redeveloped, indicating that the image 
was silver. 

One set each of unexposed 35 mm samples, cut 10 
in. in length, from a microfilm and a motion picture 
film, respectively, were fixed in a bath — 8¢g 
of silver per liter and washed at 25° C for different 
times to obtain a range of residual thiosulfate con- 
centrations. Then samples from strips having dif- 
ferent residual thiosulfate concentrations were 
developed together in Developer A, one set being run 
for microfilm and one for motion picture film. The 
transmission densities of the developed samples were 
measured and the density oi the film base subtracted 
from the density readings. The density of the silver 
image for each sample was plotted against its respec- 
tive residual thiosulfate concentration and curves for 
the microfilm and the motion picture film are shown 
in figure 5. The data in the curves show that the 
silver density developed from the residual silver is 
proportional to the residual thiosulfate concentration 
for the lower thiosulfate concentrations and becomes 
nearly constant at the higher concentrations. The 
test method may be used to study the exhaustion of 

fixing bath under controlled conditions, since the 
appearance of appreciable concentrations of residual 
thiosulfate will signal difficulty in removing the silver 
thiosulfate complex in the washing process. 

In a microfilm with a residual thiosulfate concen- 
tration of 130 wg per in.’, a density of 0.16 was ob- 
tained, while in the sodium sulfide test [6] a stain 
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FiGurRE 5. Density of silver image formed from the silver in the 
stlver thiosulfate complex versus the thiosulfate concentration. 


density of only 0.02 was found. In a motion picture 
film for a residual thiosulfate concentration of 154 
ug per in.*, a density of 0.27 was obtained while in the 
sodium sulfide test a stain density of only 0.04 was 
found. Clearly, the new test method is much more 
sensitive than the sodium sulfide test. 

Tests were made for residual silver on microfilm 
and motion picture film fixed in a fresh bath by the 
new test method and no residual silver could be 
detected in microfilm samples containing up to 
240 ug of residual thiosulfate per square inch and 
motion picture samples containing up to 500 yg 
per in.? 


4. Summary 


A new test procedure was developed for the deter- 
mination of residual thiosulfate in processed film. 
This procedure indicates that the residual thiosulfate 
present in clear (image-free) processed film is 2 to 
3 times that indicated by the Crabtree-Ross test 
procedure. In the course of development of the 
new test procedure, it was found that a trace of 
gelatin dissolved from the film sample produced 
considerable change in the measured turbidity. The 
amount of gelatin dissolved depended on the type of 
film being tested. A separate nephelometer calibra- 
tion curve might have been prepared for each type 
of film, but such a procedure would be impractical. 
Instead the effect of gelatin concentration in the 
test solution was investigated. The data showed 
that the addition of 100 ug of gelatin to the test 
solution would eliminate the effect of gelatin dis- 
solved from the film, thus making it possible to 
prepare a single calibration curve for all types of 
film. For accurate results at low thiosulfate con- 
centrations a correction of 1 yg per in.? should be 
added to the value obtained turbidimetrically. 

In the new procedure the thiosulfate was extracted 
from 1 in.’ of film by treatment in 5 ml of a 5-percent 
solution of potassium bromide solution containing 
100 wg of gelatin, and 5 ml of a 5-percent solution of 
mercuric chloride was added after removal of the 
film sample. A nephelometer was used to measure 
the turbidities. A calibration curve was prepared 
at 25 °C+2 °C. The temperature of the solutions 
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during the thiosulfate test should be the same as 
that at which the calibration curve was prepared. 

Qualitative tests showed that some of the precipi- 
tate in the Crabtree-Ross test procedure remained in 
the film during the test, causing low values of residual 
thiosulfate concentration to be reported. 

When a silver image containing residual thiosulfate 
was tested by the Crabtree-Ross test procedure, 
there was evidence that some of the image silver 
migrated into the test solution, adding a turbidity 
of silver halide. 

The new test procedure may be used for deter- 
mining the residual thiosulfate in film containing 
image silver. However, it has been shown [5] that 
the test for residual thiosulfate in film should be 
made with an image-free area of film. 

A new test method was developed for determining 
the residual silver in processed film. The silver in 
the silver thiosulfate complex was developed to a 
silver image and its transmission density measured. 


(Paper 67C3—134) 
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Drag Compensation and Measurement With Manned 
Satellites: Feasibility Study! 


R. M. Langer’ and J. P. Vinti 
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Even at low altitudes approximating those of manned earth-satellites it is feasible to 


use external jets to Maintain a satellite in a purely gravitational orbit. 


With the jets off, 


it is possible to measure the drag, air density, and time of passage through perigee, by 


means Of observations aboard the 


permit achievement of both objectives, 


Many artificial satellites have had masses of about 
10° gm and effective areas of some 5 m*. At a height 
of 200 km the resulting drag amounts to some 6X 104 
dynes or about 61075 of the weight. At 300 km 
the drag is one-tenth of this. Accurate knowledge 
of this drag is essential in determining the atmospheric 
density at high altitudes and in reducing the ob- 
served orbit to determine the figure of the earth. 
For the second purpose it would be better to be able 
to eliminate the drag than to correct for it. 

So far drag measurement has been done only by 
difficult reductions of the orbits of unmanned satel- 
lites. Drag cancellation has not been done but 
a means has been discussed, involving automatic 
instrumentation. In this note we propose several 
methods for drag measurement or compensation that 
can be achieved either by automatic means in an 
unmanned satellite or by the astronaut in a manned 
satellite. The numerical values here presented may 
help to decide in different missions whether manning 
or automation is more appropriate. For greater 


vividness and conciseness, however, we now speak 
mostly in terms of a manned satellite. 


First consider drag cancellation. To do so, we 
note that Pugh [1],° Lange [2], and others have sug- 
gested the use of external jets to neutralize the drag 
on an unmanned double satellite. This would re- 
quire using a sensing device to detect approach of 
the inner satellite toward the outer one and a servo- 
mechanism to transmit the resulting signals to the 
external vernier jets. These jets in turn would pro- 
duce enough acceleration of the outer satellite to 
keep the inner satellite centered. With neglect of 


very small gravitational interactions of the inner | 


Research supported by the National Aeronautics and Space Administration, 
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Figures in brackets indicate the literature references at the end of this paper. 


satellite. 


Intermittent operation of the jets should 


satellite with the outer and of small electromagnetic 
interactions of the inner satellite with the instrumen- 
tation, the outer satellite, and with the outside sur- 
roundings, the only force on the inner satellite would 
be external gravitation. Since the outer satellite is 
moving in the same orbit as the inner, the observed 
orbit is purely gravitational. 

In place of this unmanned double satellite, if we 
use a manned space capsule, with the astronaut as 
sensing device and control system, we can eliminate 
certain difficulties. This procedure would be anal- 
ogous to the use of a test pilot in a manned plane, 
while the automatic unmanned double satellite 
would correspond to an inertially guided unmanned 
plane, which came much later. The advantages of 
an automatic system will become important when 
one seeks prolonged, large scale, highly precise ob- 
servations. Meanwhile we need not delay making 
some basic observations by means of astronauts’ 
reports and data, which may be of great help in 
preparing elaborate space laboratories in the future. 

To maintain a manned capsule in a gravitational 
orbit, the astronaut would continually or inter- 
mittently adjust some external jets, to keep a small 
test object within some tolerable distance from the 
capsule’s center of mass. For protection against air 
currents and stray fields, the test object should be 
enclosed in an evacuated and electromagnetically 
shielded housing. 

To examine the feasibility of such a procedure, 
consider a jet of compressed air escaping through a 
simple converging nozzle of 1 mm diameter from a 
chamber at 6 atmospheres. Producing 6 10* dynes 
thrust throughout a circular orbit at 200 km height 
would require 6.8 kg of air. For an elliptic orbit 
of eccentricity e=0.03 and the same perigee, it 
would take only 1.6 kg. For perigee at 300 km 
these figures would drop by more than a factor 10. 
Moreover, use of a divergent portion with the nozzle 
would also improve matters considerably. 
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A chemical propellant giving the big rocket 
specific impulse of 300 kg force see/kg mass (300 
‘sec’’), if efficient micro-vernier jets become avail- 
able, would be 6 times more economical of mass. 
Thus the satellite need not go very high to make 
man-controlled drag compensation feasible. At 
these relatively low altitudes all the appreciable 
harmonies of the earth’s gravitational field will still 
be well represented, so that the resulting gravitational 
orbits should be very suitable for deducing the 
coefficients of the various harmonics. Furthermore, 
as will appear later, the relatively high drag can 
actually be used to improve the accuracy of deter- 
mination of time of ve through perigee, by 
means of a separate experiment performed by the 
astronaut 

The astronaut may measure the drag at intervals 
between jet thrusts, having previously oriented the 
capsule so that it presents a constant projected area. 
To do this he may be furnished two identical torsion 
with twist axes in the same plane but 
mounted at right angles to each other, each carrying 
mass of about 100 g about 1 cm off axis. 
He jirst rotates the torsion plane manually to produce 
maximum and equal twists for both torsion systems, 
whereupon it becomes normal to the drag force. He 
then orients the capsule for minimum drag by adjust- 
ing jets that rotate it until its long axis becomes 
perpendicular to the plane of the torsion axes and 
thus parallel to the drag. 

In our exe wy the satellite of mass 10° g, moving 
ut a height of 200 km, experiences a drag force of 
610 dynes and a drag deceleration of 610 
em/sec” This leads to a torque of 6 dyne cm on each 
torsion system. If the sensitivity is 100 dyne em 
per radian, the twist will be enough for easy 
measurement, although the systems will be rather 
sluggish, with response times from 6 to 10 sec. 
However, since 10 sec corresponds to only about 0.5 
deg change ip eccentric anomaly, such a torsion 
system should allow easy following of the changes in 
drag occurring in elliptic motion with small ec- 
centricity. Such measurements of the drag should 
provide valuable information concerning both the 
orbit and the atmosphere. The astronaut can 
monitor height, eccentricity, and position in orbit 


pi issu 


systems, 


au seismic 


3 deg, 


with little dependence on terrestrial observers. Of 


greatest importance, he can determine accurately 


the time of passage through perigee, since the drag 
has a sharp maximum there even when the eccentric- 
itv is as small as 0.005. 

Another method of measuring the drag would be 


simply astronaut measure the distance 
s=$ apf short time t by a small test 
object as it drifts through the capsule under the 
influence of the effective gravitational field ap. 
Here ap=Fp/m,, the negative of the drag accelera- 
tion of the satellite. Thus in our above example, 
with adp=—6*10-" cm/sec?, we have s=3em if 


t 10 see 
2 FF, Ms 


have the 
traversed 1 


Two difficulties arise. In order that 
should be the only field acting on the test object 
it is necessary to eliminate centrifugal and Coriolis 
forces arising from the changing orientation of the 


capsule. To do so one could orient the capsule 
inertially, relative to the fixed stars, by some method 
of attitude control. But then the projected area 
would keep changing, so that one could not readily 
deduce the atmospheric density from the drag. 

If one orients the capsule tangentially, as proposed 
in the above paragraphs on the accelerometer, there 
arise the apparent forces. It is easy, however, to 
correct for them by purely kinematical calculations, 
since one knows the rotational motion of a capsule 
which is tangentially oriented. Moreover. their 
effect is small. In our above example, the centri- 
fugal acceleration is negligible and the Coriolis 
acceleration not exceed 1/50 of the drag 
acceleration. 

A question body motions of the 
astronaut or accelerations produced by automatic 
equipment on board. Four measures could be taken 
to reduce such effects: (a) balance the accelerations: 
(b) arrange them to be transverse to the satellite 
motion; (¢) shock-mount and filter out these motions: 
(d) suspend the motions during observations of the 
drag. Even breathing could be suspended during 
the five or ten second duration of such a measure- 
ment, but it is not at all certain that this would be 
necessary. Thus the ballistocardiograms of Smith 
and Bryan {3} show no long-periodic accelerations 
attributable to breathing even though their system 
had as good a response at 0.1 c/s, where breathing 
would show up, as in the frequency range of 2 to 
10 c/s important in recording accelerations produced 
by the heart beat. 

Ballistocardiographic measurements by Smith [4], 
on the other hand, furnish reassuring statistics 
concerning the irremovable effects of the heart beat 
on drag measurements. Each of 50 normal persons 
was firmly attached to a platform free to swing in 
reaction to the heart beat. The double amplitudes 
of displacement ranged from 0.035 mm to 0.09 mm, 
with a most frequent double amplitude of about 
0.06 mm. The normal peak displacement from 
mean position was thus about 0.03 mm. 

Since the mass in these measurements was about 
100 kg, the corresponding displacement in the case of 
an astronaut firmly attached a 1000 kg capsule 
would be only 0.003 mm. Comparison of this figure 
with the 3-mm excursion of the test body inside a 
satellite at 300 km (Mercury at apogee) shows a 
possible error of only 1 part in 1000. Thus neither 
heart beat nor breathing need interfere with a drag 
measurement, even if we do not adopt the special 
measures a, b, and c listed above. 

To recenter the test object, the astronaut has only 
to turn on and adjust the jets for drag compensation 
before the object collides with its housing. The 
orbit will then remain essentially gravitational. By 
combining all three of the methods here described, 
using intermittent drag compensation, one could 
obtain a gravitational orbit and take many measure- 
ments of the drag and thus of the air density, all in 
one flight. A manned satellite so instrumented 
should then provide valuable geophysical and_ bio- 
astronautic data, along with experience in design and 
operation of a primordial zero-g laboratory. 


does 


arises about 
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To conclude, note that nothing we have said above 
is intended to discourage the use of automatic un- 
manned satellites. Our aim has rather been to find 
further important functions for astronauts in those 
manned flights that are now being planned or will be 
planned in the future. They in turn may lead both 
to better automatic and better manned space 
laboratories. 


(Paper 67C3-135) 
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The results of a series of flame-spread tests are summarized and analyzed to delineate 
the importance of the physical and thermal properties in surface flame propagation on simple 


and composite slabs. 


The data are in accordance with relationships for the transient surface 


temperature rise for irradiated opaque and chemically inert slabs and support a simple con- 
cept for the spread of flame on the surfaces of cellulosic materials exposed to thermal radiation ; 
viz, that flame propagation consists of progressive ignition of the solid when a characteristic 


temperature is reached, 


1. Introduction 


The result of a standardized flame-spread test [1]! 
performed on a single material on a composite 
assembly is reported in terms of an arbitrary flame- 
spread index. This index is defined 
noncombustible asbestos-cement board and may 
range in the hundreds or even thousands for materi- 
als of very rapid flammability. It has been shown [2] 


that the flame-spread index is composed of two multi- | 


plicative factors: (a) a flame-spread factor represent- 
ing the ignition sensitivity of the material, and (b) a 
heat evolution factor representing the maximum rate 
of heat generation. Although flame-spread index 
values for a wide variety of typical building finish 
materials have been published [3, 4, 5, 6], a sys- 
tematic evaluation of the important physical and 
thermal properties which govern the surface propa- 
gation of flames is incomplete. This paper sum- 
marizes the results of tests performed to define the 
significance of ignition sensitivity for cellulosic 
materials and to analyze and delineate some impor- 
tant parameters in flame propagation. The primary 


objective of the analysis was to extend a simple sur- | 


face ignition concept to a flame propagation situation 
by considering the propagation of flames as a series of 
progressive surface ignitions of thermally irradiated 
material. In actual fires, the predominant mode of 
heat transfer is by radiation, generally from adjacent 
flaming surfaces. Although all tests were performed 
using the radiant panel test method, the analysis and 


interpretation are considered likely to be applicable | 


to surface propagation of flame on most irradiated 
combustible materials. 


2. Apparatus and Test Procedure 


The apparatus used for the tests has been described 
in detail {1, 3]. As shown in schematic form in 
figure 1, it consists of a radiant panel heat source, 
a frame for support of the test specimen, and associ- 
ated measuring equipment. 


' Figures in brackets indicate the literature references at the end of this paper. 
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Figure 1. Schematic diagram of radiant panel apparatus for 


flame-spread measurement. 


The radiant panel consists of a cast iron frame 
enclosing a 12-in. wide by 18-in. high porous refrac- 
tory material. The panel is mounted in a vertical 
plane, and a premixed gas-air mixture supplied from 
the rear is burned in intimate contact with the 
refractory surface to provide a radiant heat source. 
The energy output of the panel, which is maintained 
by regulating the gas flow according to the indication 
of a radiation pyrometer, is that which would be 
obtained from a blackbody of the same dimensions 
operating at a temperature of 670 °C (1,238 °F) 
A stack placed under an exhaust hood and above the 
test specimen receives the hot products of combus- 
tion and smoke. 

For test, the 6- by 18-in. specimen backed by a 
sheet of asbestos millboard was placed in a metal 
holder and mounted on a supporting frame, facing 
the radiant panel and inclined 30 deg to it. A pilot 


| igniter fed by an air-acetylene mixture served both 
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to initiate flaming at the upper edge of the test 
specimen and to ignite combustible gases rising 
from the specimen. Observations were then made 
of the progress of the flame front, the occurrence of 
flashes, etc., as well as the temperature rise of the 
stack thermocouples. For some tests, an electrical 
timer calibrated in minutes and decimal fractions 
to hundredths was used for recording the time of 
occurrence of events during the tests. However, for 
tests involving very rapid flaming, a hand-operated 
switch was used to actuate an event marker on a 
The test duration was 15 min, 
or until sustained flaming had traversed downward 
the entire 18-in. length of specimen, whichever time 
was less 

The flame-spread index, /,, was computed as the 
product of the flame-spread factor, F’,, and the heat 
evolution, Q, thus: 


« 


high-speed recorder. 


W here 


The symbols ¢ . . tj; correspond to the times in 
minutes from specimen exposure until arrival of the 
flame front 15 in., respectively, 
along the length of the specimen and 


at a position % 


where 0.1 is an arbitrary constant, A@ is the observed 
maximum stack thermocouple temperature rise for 
the specimen minus the maximum temperature rise 
with a board sub- 
the specimen, and @ is a calibration 
constant representing the maximum stack thermo- 
couple temperature rise per unit heat input rate 
using a calibrating diffusion-type gas burner placed 
near the top of an asbestos-cement board specimen 
during normal operation of the radiant panel [1, 3]. 
To maintain the established numerical consistency 
of eq (1 and for convenience, English units (Btu, 
F, min) were employed in eqs (1), (2), and (3). 
Prior to test, all specimens and composite as- 
semblies were conditioned by placing them in an 
oven at 140 °F for a 24-hr period and then allowing 
them to reach moisture equilibrium (constant weight) 
at 73 °F and at one of three relative humidities 
7%, 50%, and 867 The low and high humidity 
conditions were achieved by placing a tray containing 
an appropriate saturated salt solution at the bottom 
of each of two closed containers into which the speci- 
mens were suspended. Each container lid was fitted 
with a fan to provide adequate air circulation and a 
hygrometer element for measuring relative humidity. 
A room maintained at 73 °F and 50 percent rh by a 
conventional central air conditioning system was 
used for achieving moisture equilibrium at this 
intermediate relative humidity in all other specimens. 


observed thick asbestos-cement 


stituted for 
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3. Analysis 


A rigorous analysis of the radiation-induced 
ignition process would require consideration of 
chemical decomposition reactions, surface charring 
and contraction, variation in thermal properties 
with temperature, diffusion and mixing of combusti- 
ble volatiles, and other complex conditions. For- 
tunately, the ignition behavior of cellulosic ma- 
terials appears to closely follow the most simple 
theoretical postulate for temperature variation; 1.e., 
the opaque, constant property, and chemically inert 
solid [7]. Thus, no consideration is given to the 
possible effects of absorptance and diathermancy, 
chemical decomposition, supply of volatiles, ete., 
the primary objective being to extend the simple 
postulate to a better understanding of the propaga- 
tion of flames along surfaces. 

The equation for the temperature rise, @, of an 
opaque inert slab of thickness /, density p, thermal 
conductivity k and heat capacity ¢, subjected to 
constant irradiance / on one face and losing heat by 
Newtonian cooling through a coefficient /7 from both 
faces is complex [S}. 

However, the solution is of the form 


gat 2 


(4) 


where « is the distance in the slab measured from the 
irradiated and ¢ is time. Simms [7] has 
given approximations for the two cases of interest, 
namely thin and thick materials. 


surface 


3.1. Thin Materials 


For thin materials (in which a linear temperature 
gradient exists) and for very small values of the 
Nusselt number ////k, an approximation to the rise 
in temperature of the irradiated surface, @,, is given 
in reference [7] as 


sili] 


The term /it/pel is the ratio of the energy lost by 
cooling to the heat content of the material, and is 
termed a cooling modulus. 


3.2. Thick Materials 


For thick materials, the surface temperature rise is 
the same as that for a semi-infinite solid and the 
relation [7, 9] is 


4 ‘ae 
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and the complementary error function is 
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In the radiant panel flame-spread test, the irradiance 
varies along the surface of the specimen with the 
distance from the top [3]. If ignition of a given 
material may be represented by a characteristic 
surface temperature [7], then, for thin materials, 
this temperature is reached at the same position 
along the length of the specimen (same J and HZ) at 
exactly the same time, if the pe/ product is the same. 
For thick materials a similar situation exists if the 
kpc product is the same. In other words, the ignition 
time (at each position) should be directly related to 
either pel or kpc. The product kpe is commonly 
referred to as the thermal inertia for surface heating. 
Since the flame-spread factor F, consists of a series 
of reciprocal time periods, inverse relationships of 
hyperbolic form are to be expected between F, and 
pcl for thin materials and between F, and kpe for 
thick materials. 


3.3. Composite Materials 


A solution for the surface temperature rise of a 
composite slab, in which the surface of the upper 
finite skin is irradiated in a spatial nonuniform man- 
ner (with or without surface heat loss), is unknown to 
the authors. However, examination may be made of 
the governing parameters in the following equation 
derived in reference [10] for the te mperature rise, 4, 
on the surface of a composite material consisting of a 
finite skin of thickness /; (thermal properties k,, p, ¢, 
where the thermal diffusivity a,=h,/e,p,;) over a et 
strate extending to infinity (thermal properties ks, po, 
(2, @) as the surface is heated without losses by con- 
stant irradiance /: 


2/ « t l . ° . ll, 
= Tv ) ierfe —- | (8) 
. = Y/ yal 


\ kopol2 


where 
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From this equation, the time, ¢, for a given surface 
temperature rise to be accomplished is a complicated 
hy pre i ay en °. Griffith 
Vi prey 
Horton [10] illustrate that for a given skin material 
and for each time of heating, a critical thickness 
exists such that for 2 Hosea thickness the composite 
assembly behaves essentially as a wall of infinite 
thickness of the skin material. For such cases, the 
substrate may be ignored so that the equation for the 
surface temperature reduces to that for a homogene- 
ous thick wall, namely, 


function of and 


and 


2] t 
\7 \ ky pic, 


2 As corrected 





| spruce, 


and the critical thickness is given very closely by 


Li yTa,t. (11) 


It is important to note from eqs (8), (10), and (11) 
that the surface temperature rise depends upon the 
thermal inertia kpe while the critical thickness de- 
pends upon the thermal diffusivity, a=k/pe. 


4. Results and Discussion 


While the analytical expressions for simple slabs 
listed in section 3 are strictly applicable only to uni- 
formly irradiated slabs, the form in which the thermal 
and physical parameters appear is useful in inter- 
preting the present data. These data were obtained 
using an experimental setup in which there is a non- 
uniform spatial irradiation, and interest has been 
confined to the travel of flames from the region of 
higher to the region of lower irradiance. While the 
expressions do not take into account heat flow in the 
direction of flame travel, this will occur in the actual 
test, particularly for highly conductive veneers and 
substrates, and for sandwich constructions. — [In addi- 
tion, variations in the surface heat transfer coefficient 
are to be expected for the experimental arrangement 
used. 


4.1. Thin Materials 


To examine the effect of board thickness on flame 
propagation, veneers of balsa wood and hardboard 
were obtained or prepared in various thicknesses. 
These ranged from 0.071 to 1.26 em for the balsa 
veneers and from 0.081 to 0.635 cm for the hardboard 
veneers. These materials were chosen because of 
their readily measurable rates of flame propagation, 
uniformity in structure (especially the hardboard) 
and availability. The hardboard veneers were cut 
from a single large sheet and planed to constant 
thickness. ‘The density was uniform to + 10 percent 
for all veneer thicknesses. However, the balsa wood 
sheets, obtained from a commercial source, varied in 
density by a factor of more than 2. In contrast to 
the standard flame spread test procedure, for this test 
series the veneers were supported at the edges only, 
leaving an enclosed air space of 1.27 em between the 
back of the veneer and a backing sheet of 1.27-cm- 
thick asbestos millboard. 

The ranges of measured thickness and densities, 
and average values of F’, and /, are given in table 1 
for specimens conditioned to equilibrium in relative 
humidities of 17, 50, and 86 percent. The average 
coefficient of variation for the F’, values listed was 
4 percent for the hardboard specimens and 16 percent 
for the balsa specimens. Generally, four replicate 
tests were performed. 

The effect that the relative humidity of the con- 
ditioning atmosphere has on surface flammability of 
materials has been given [2] for thick specimens of 
fiberboard, and hardboard. Since moisture 
vapor is readily dissipated from thin unsupported 
veneers, the relative change in F’, (and /,) was not 
as large for the thin as for the thick hardboard 
specimens. 
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TABLE |] 


Surtace flammability test results Jor halsa and hardboard 


veneer 
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An inverse relationship between the flame-spread 
factor and the thickness of veneer was found to hold 
for the hardboard specimens, as shown in figure 2. 
A thickness of approximately 0.4 em may be taken 
as the approximate dividing region between thin and 
thick hardboard specimens, inasmuch as further 
increases in thickness appear to produce very little 
change in F 

Account was taken of the large density variations 
of the thin (0.08 to 0.30 em) balsa specimens in the 
plot of F’, versus pel of figure 3. Individual values 
(rather than averages of four) were plotted for two 
conditioning humidities. Also included are the 
average values for thin (0.08 to 0.32 em) hardboard 
specimens. Using a generalized CGS system of 
units * the data may be approximated by a relation 
of hyperbolic form: 
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Because of the inverse relationship between F’, and 
thermal inertia for thick materials, a second method 
for examining the combined effects of thickness and 
density is illustrated in figure 4. Here, the modified 
flame-spread factor, F, (kpc), for balsa (with no 
substrate) is seen to decrease with increasing thick- 





ness and to approach a limiting value at a thickness | 
of about 0.6 em. The thermal conductivity values | 
were taken at the measured density from room | 
temperature values of cross-grain thermal conduc- | 
tivity of dry balsa [11, 12]. The effect of using an 

asbestos-cement board substrate with varying thick- 

ness of balsa veneer is also illustrated in figure 4 and | 
will be discussed later. 


4.2. Thick Materials 


A survey of previous flame-spread data for thick 
cellulosic materials revealed good correlation be- 
tween flame-spread factor and thermal inertia (fig. 
5). ‘The data shown include the 1.2-cm-thick balsa 
woods conditioned at 17 and 50 percent rh, the 0.6- 
em-thick hardboard, and a wide variety of other 
cellulose-base materials all conditioned at 50 percent 
rh. The specific heat and thermal conductivity 
values were taken from handbook sources and refer 
to dry material at room temperature. For materials 
which ranged from balsa (p=0.08 g/em*) to hard- 
board (p=1.08 g/cem*), and including paper, cotton, 
fiberboard, plywood and nine varieties of natural 
wood, the data were closely represented by the 
relation 





_ 0.003 - 
ont kpe ° (13) 
The fact that cellulosic materials do vary in their 
surface temperatures for ignition may explain part 
of the departure of the empiric al relationships _ 
tained experimentally (figs. 3 and 5) from that of : 
true hyperbola. On the basis of measured times “Hs 
pilot ignition of woods exposed to uniform low-level 
irradiance [13], it was found that the calculated 
surface temperatures + ignition of cellulosic ma- 
terials varied from 300 °C for hardboard to 390 °C 
for balsa, saelincetire My and the calculated surface 
temperatures were definitely related to thermal 
properties. Furthermore, the actual gaseous igni- 
tion not considered in this analysis, must 
likewise be a function of material properties. 


process, 


4.3. Composite Materials 


Another series of tests was performed to examine 
the effect of the type of substrate on the flame- 
spread factor of composite assemblies. The test 
specimens consisted of thin veneers (0.08 em thick) 
of both balsa and hardboard cemented to a variety 
of relatively thick noncombustible substrates ranging 
from felted calcium silicate, a very good insulator, 
to conductive aluminum alloy. <A thin coating of 
fire-retardant adhesive was used and _ sufficient 
pressure was applied during the drying process 
to ensure good thermal contact. Except for the 
thickest composite assemblies, all assemblies were 
backed up with the standard 1.27-cm-thick asbestos 
millboard backing. As shown in table 2 and in 
figure 6, the thermal inertia of the substrate has a 
very strong effect on the flame-spread factor of 
composite assemblies with thin surface veneers. 
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Figure 5. Effect of thermal inertia on flame-spread facto 
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Although this was noted in previous studies [|4, 6], 
neither the range of saints properties nor the 
importance of the thermal inertia parameter had 
been fully explored. Furthermore, analysis of pre- 
vious data on the basis of thermal inertia is com- 
plicated by the combustible nature of most of the 
substrates used in the earlier studies and their 
contribution (of heat) to flame propagation. 

For example, it may be noted that a replot of 
previous flame-spread index data (fig. 3 of reference 
4) on the basis of the F, ratio rather than the J, 
ratio results in an equally good (or better) correla- 
tion (see fig. 7). In addition, the F’, ratio approaches 
unity very closely for a finish thickness of 0.4 cm. 
That the ratio is higher than unity for composite 
materials with thin veneers even when the heat con- 
tribution of the substrate is not a factor, is obvious 


255 





Effect of substrate on surface flammability of 


Thermal 
Density conductivity 


‘ 


wicm ~¢ 
0, 000260 
000649 
OO1L07 
OO121 
00745 
0218 
260 
2h) 
2.03 
2.03 


» 03 


TH FIBERBOA 


. Ww 


f 


flame-sp ead tacto 


in terms of the findings of figure 6, namely, that for 
a composite material with a thin veneer, the value 
of Fis higher with a substrate of lower kpe. Since 
kpc evpsum board substrate k pe (fiberboard sub- 
strate) lor composite materials with thin veneers, 


F, with fiberboard substrate 
F, with gypsum board substrate 


Several additional tests were performed to illus- 
trate the effect the thickness of veneer and 
(b) the thickness of substrate on the flame-spread 
The first effect 
clearly shown in figure 4 for various thicknesses of 
balsa veneers applied to an asbestos-cement board 
substrate. The substrate is most effective in reduc- 
ing the (F,) (kpc) product for the thin veneers, but 
its influence becomes insignificant when the veneer 
thickness exceeds the critical thickness (0.6 cm). 

Account may also be taken of the veneer thick- 
ness in the plot of figure 6 if the substrate is con- 
sidered to consist of the portion of the balsa veneer 
exceeding 0.08 em (but less than 0.6 em) in combina- 
tion with a thick substrate. An 


thermal was calculated 


of (a 


IS 


factor of composite assemblies. 


asbestos-cement 


“effective” inertia, (kpe)s, 


composite assemblies with balsa and hardboard veneers 


Specific Thermal Balsa* Hard board* 
heat inertia 


hs Kp 


w sec/g ~¢ 
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from the equation 
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where 0.08 </<0.6 em. 

The effective thermal inertia reduces to that of the 
substrate, kopoco, when the veneer thickness is 0.08 
em. It becomes equal to that of the veneer, kes pres, 
for a veneer thickness of 0.6 em. Using the effec- 
tive thermal inertia the substrate, these data, 
shown as closed circles, were plotted along with the 
bulk of the data for 0.08-em-thick balsa and hard- 
board veneers in figure 6. 

Using eq (8), typical curves were calculated and 
are shown in figure 8 for “specific temperature rise” 
6./IT on the surface of a composite material in terms 
the thickness /, of the veneer and the thermal 
inertia keopoCo/ky pyc, of substrate to veneer. 
It may be seen that, for veneers less than the critical 


) kopoe» 


(14) 


of 


ratio o 


thickness (~ \ra;f), the specific temperature rise will 











FicurE 8. Specific surface temperature rise for a composite 
material in terms of the veneer thickness (l,) and the thermal 
inertia ratio (a). 


Time: 100 sec 001, a; =.001 
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be greater than or less than the semi-infinite value 
(i.e., c=1) according as the thermal inertia ratio is 
less than or greater than 1. It is clear that no finite 
amount of insulating or conductive substrate wiil 
permit attainment of the same surface temperature 
rise at the same time as the semi-infinite material. 
However, it is possible by employing the relation- 
ship of eq (11) to estimate the equivalent thickness 
of substrate which, when combined with a thin (i.e., 
less than critical) veneer, will yield the equivalent 
critical veneer thickness. If the critical thickness of 


balsa is taken to be 0.6 cm, then, for the same time 
and a balsa veneer thickness of 0.08 em, the equiv- 
alent thickness of substrate may be estimated by 


Oto - 
\ = (0.6—0.08). (15) 


a) 


Equivalent substrate thicknesses based upon a 
critical thickness of 0.6 em for balsa and 0.4 em for 
hardboard are listed in table 3. It may be noted 
that the thickness of the asbestos-cement substrate 
and the thickest stainless steel and aluminum alloy 
substrates used were each less than the equivalent 
thickness. Consequently, the limiting values of F, 
for such assemblies were not fully reached. As 
expected, a wide range in the flame-spread factor 
was observed for composite assemblies of 0.08 em 
balsa and hardboard veneers on varying thicknesses 
of aluminum alloy and stainless steel substrates (see 
table 2). In fact, for the hardboard veneer on 2.54- 
em-thick aluminum alloy, the flame-spread factor 
was reduced to 1.0, corresponding to the complete 
absence of surface flaming. It should be mentioned 
that the application of a thin combustible veneer 
on a relatively thin, highly conductive substrate 
with an insulating backing board forms a unique 
sandwich construction. In the orientation of the 
flame-spread test, this type of construction is ideally 
suited to longitudinal rather than normal heat flow 
in the substrate, and this may have increased the 
rate of flame travel (and therefore F,) for the thin 
metallic substrates. 

TARLE 3. 


Eq civalent substrate thi« kness for 


veneers of balsa and hardboard 


thin (0.08 em 


Equivalent substrate thickness 


Balsa veneer 
a) =0,00223 


Hardboard 
veneer 
a, =0,000892 


{ =0.32 yaya 
cm? se r . em 
0. OO194 
OO1LSS 


Calcium silicat 
Gypsum board 
Asbestos millbo 00135 
Asbestos 00473 
Granite ». & 0122 
Stainless stee] 67 O64E 

Aluminum allo 2.5 R16 


ement 


It is interesting to note that asbestos millboard 
(a=0.00135) which is used as the backing material 
in the standard flame-spread test has a critical 
thickness of 1.95 cm at a time of 900 see correspond- 
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Figure 9. Effect of thermal inertia on flame-spread index for 


thick cellulosic materials. 


ing to the maximum duration of test exposure. 
Although the backing used is only 1.27 em thick, 
it does provide a common heat sink for all materials 
and may be considered semi-infinite for the important 
early portion of every test. 

While surface propagation of flame in the flame- 
spread test is related predominantly to the ignition 
sensitivity of the material (here expressed as the 
flame-spread factor F,), fire spread in actual situa- 
tions also depends upon the rate of heat release by 
the burning surfaces. The magnitude of the rate of 
heat release depends mainly upon the thickness in- 
volved in the flaming and the material density. 
Study of the Q values for the hardboard veneers 
shows a steady increase for thicknesses from 0.08 
em to 0.32 em with little further increase for the 
0.64-cm thickness. The combination of a decreas- 
ing flame-spread factor and an increasing heat 
evolution factor with thickness tends to yield a 
flame-spread index for which the variation with thick- 
ness is moderate. The effect of thickness upon J, 
is shown in table 1. Examination of the influence 
of substrate properties for composite assemblies was 
made with the same thickness of balsa and hard- 
board veneers, and therefore the J, values in table 2 
follow very closely the trend of F,. Because of the 
effect of density upon Q and since the thickness 
involved in flaming varies for different materials, a 
plot of J, versus kpe for all the thick cellulosic 
materials tested (see fig. 9) shows considerably 
more scatter than that shown for Ff’, in figure 5. 
The data may be represented approximately by the 
relation 


0.02 


100- 16) 


kpe 
5. Summary 


Surface flame propagation measurements using 
the radiant panel test method have shown that the 
ignition sensitivity (flame-spread factor F’,) for thin 
balsa and hardboard veneers was an inverse func- 
tion of both thickness and density. The data were 
analyzed in terms of the approximate relationship 





suggested by Simms for the transient surface tem- 
perature rise for an irradiated thin slab, for which 
the time required for a characteristic temperature to 
be achieved is proportional to the pel product. 

Similarly, for thick materials, the data assembled 
on a variety of cellulosic materials showed that the 
ignition sensitivity was an inverse function of kpe, 
the ‘thermal inertia for surface heating.”’ The 
data were closely represented by the relation 
0.003 
kpe 
the dividing region between thin and thick materials 
is approximately 0.6 em for balsa and 0.4 em for 
hardboard. 

The good correlations achieved for both thin and 
thick materials support a simple concept for the 
spread of flame on the surfaces of cellulosic mate- 
rials exposed to thermal radiation, namely that 
flame propagation consists of progressive ignition 
of the solid when a characteristic temperature is 
reached. 

For a composite assembly consisting of a thin 
veneer over a semi-infinite substrate, the flame- 
spread factor was shown to be a function of the ratio 
of the thermal inertia of substrate to veneer. This 
is in accordance with the functional relationship for 
the transient surface temperature rise for composite 
assemblies. For veneers less than a critical thick- 
ness (~7a,t), the specific temperature rise at any 
given time will be greater or less than the semi- 
infinite value according as the thermal inertia ratio 
is less than or greater than 1. The substrate has 


F,=5+ It is estimated from the data that 


the most effect upon the surface temperature with 
the thinnest veneer and with the greatest change in 


kpc value from that of the veneer. For thin veneers 
over highly conductive substrates such as metals, 
estimates have been made which indicate that the 
equivalent critical substrate thickness may be 
several times that tested. This provides an ex- 
planation for the observed wide variation in flame- 
spread factor with metal substrate thickness. 


Since fire spread depends on the rate of heat re- 
lease as well as the ignition sensitivity, the combined 
effect was also evaluated, and for thick cellulosic 
materials the data were represented by the relation, 


0.02 


= 100-4 . 
I, kpe 
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Parallel Reversible Permeability Measurement 


Techniques From 50 kc/s to 3Gc/s* 


Cletus A. Hoer and R. D. Harrington 


(April 30, 1963) 


New measurement techniques are described for determining the complex reversible 
permeability of ferrimagnetic materials from 50 ke/s to 3 Ge/s with d-c fields applied parallel 


to the rf fields in toroidal specimens. 


In the 50 ke/s to 50 Me/s range, emphasis is directed 
towards recent improvements in the rf permeameter. 


For measurements in the 50 Me/s to 


100 Me/s range, the feasibility of using variable length re-entrant cavities with quarter 


wavelength chokes is demonstrated. 


Two half-wave variable length cavities are described 
for obtaining reversible permeability data in the 100 Mc/s to 3000 Me/s range. 


A technique 


for avoiding the use of quarter wavelines for isolating the d-c and rf circuits in these half- 
wave cavities is emphasized and represents a definite improvement over corresponding 


slotted line methods. 


A brief description of the d-c circuitry developed for these measure- 


ments as well as some typical spectrum data is also given. 


1. Introduction 


Considerable effort has been directed in recent 
years towards the study of the magnetic spectra of 
ferrite and garnet materials in the radio and micro- 
wave frequency ranges. This work is in general con- 
cerned with an evaluation of the frequency spectrum 
of the initial complex permeability (u;*=y;’—jyu,’’) 
in which only an rf field is applied to the sample or 
the measurement of the reversible complex perme- 
ability (u*=y’—ju’’) in which a d-c magnetic field 
is superimposed on the rf field. Several investiga- 
tions of the dependence of the initial permeability 
spectrum on the composition of ferrites, the tem- 
perature environment, etc., have also been reported. 
However, the reversible permeability spectra studies 
with the applied d-c fields appears to be one of the 
more promising techniques for gaining further infor- 
mation concerning the resonance and relaxation 
phenomena observed in the magnetic spectra. 
Nevertheless, there has been relatively little work 
in this area compared to the effort that has been 
directed towards initial permeability spectra meas- 
urements. 

Previous studies of the parallel reversible per- 
meability spectra of ferrites as a function of frequency 
with applied d-c fields have been confined to measure- 
ments covering relatively limited frequency ranges 
such as the radiofrequency range or the microwave 
range [1-5].' These investigations have utilized 
primarily inductance coil measurements for obtain- 
ing data at lower frequencies or slotted line tech- 
niques for obtaining information at higher frequencies. 
It is the purpose of this paper to describe the use of 


*This work was partially supported by the Department of the Navy under a 
Bureau of Ships contract 
1 Figures in brackets indicate the literature references at the end of this paper. 


the radiofrequency permeameter, and variable length 
re-entrant and half-wave length cavities for obtaining 
the reversible permeability of ferrimagnetic toroidal 
materials over the frequency range from 50 ke/s to 
3 Ge/s with d-c fields applied parallel to the rf fields. 
Recent improvements in the permeameter as well 
as some of the advantages of variable length half- 
wave coaxial cavities over slotted lines for measure- 
ments of this type will be emphasized. 


| 2. Radiofrequency Permeameter, 50 kc/s 
to 50 Mc/s 


The advantages of the radiofrequency permeam- 
eter over inductance coil methods or coaxial 
transmission line techniques for initial permeability 
measurements at frequencies below 50 Me/s have 
been discussed in the literature [6]. The satisfactory 
results obtained using the permeameter made it 
seem reasonable to extend its application to the 
measurement of reversible permeability. Therefore, 
the permeameter was modified to make parallel 
reversible permeability measurements by enclosing 
it in a d-e coaxial line as shown in figure 1. The d-c 
coaxial line may enclose the whole permeameter [7] 
as in figure la or only that part which encloses the 
sample, figure 1b. Both methods were used, and 
although the latter design is more difficult to make, 
it proved to be the better instrument. If the d-c 


| coaxial line encloses the whole permeameter, the 
| d-c field is applied to the primary core as well as to 


the sample being measured. The varying d-c field 
changes the characteristics of the primary which 
results in errors that are difficult to correct. The 
coupling between rf and d-c circuits is greater when 
the whole permeameter is enclosed, creating a need 
for filters in the d-c cireuit from below 1 Mc/s to 
50 Me/s. When the primary was not enclosed by 
the d-c coaxial line, as in figure 1b, the primary 
was not affected by the d-c current, and filters were 


259 























needed only above 4 = s 
I.-C circuits tuned to have a maximum impedance 
at the iIrequency at ni h measurements are being 
made. The maximum impedance Z,,,, of such an 
L-C circuit ata frequency w 1S approximately 


These filters are pare illel 


In addition to the requirements of high Gand low 
resonating capacitance, (’, the 
the filter must not change appreciably with greatly 

varving d-e currents. Good results were obtained 
with large powdered iron SF cores wound with bare 
No. 8 soft igi wire. The ‘apacitors were small, 
variable mica capacitors. Up to 400 amps were 
applied for aes periods of time with no significant 
change in 7, It necessary to use a filter 
in both d-¢ leads Lo complete ly eliminate all external 
rf paths Each filter was connected separately and 
tuned to give a maximum ¢ for the permeameter 
with the secondary closed and empty These filters, 
the d-c leads, and connections for water cooling the 
‘enter conductor of the d-e coaxial line are shown 

figure 2 {n exploded view of the permeameter 
and d-c coaxial line In ficure 3 

The me reversible permeability is 
made in the same way as is the initial permeability, 
except for the application of the d-e field. A recent 
study of the permeameter equations for evaluating 
has resulted in a set of exact equations 
which are independent of the transformer character- 
istics [8]. The permeameter is represented by a 
T-network which is evaluated at a given frequency 
using a stable, low loss ste Pe sample of known 
yw’ and Using a standard sumple in calibrating 
the permeameter, the procedure in measuring the 
reversible permeability of a sample is to measure the 


characteristics of 


was 


is shown 


asurement ol 


u’ and uw” 
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| WITH WINDING 


PERMEAMETER PARTS 


FIGURE 3 Exploded view of pe 


of the ly pe shown in 
figure 1b showing how d-c coax 


s constr icted through 


center of the permeamete 


input impedance, Z,,, of the the 
following conditions: 

1. Secondary open; Zy Ly. 

2. Secondary closed ; no sample enclosed ; 

3. Secondary closed; standard sample 
impedance 7, enclosed ; Zy,= Z,'. 

1. Secondar yc ‘losed; test s ampl e enclosed; Z in Z 1. 

The d-e current is then turned on and Z measured 
at each desired value of current. The permeability, 
_ol the test sample are then calculated 
at each current setting from 


permeameter for 


Z n= Zo. 


known 


u’, and loss, u’’ 


Z, (L;—2 


hae a, Cees 


(Ez) «w 


where L, is the equivalent air inductance of the test 


sample and » is the angular frequency. All input 
impedances (7,, Z, Zp, Z,) are measured with the 
d-c leads connected to the coaxial line surrounding 
the permeameter. 





3. Variable Length Re-entrant Cavity, 50 
to 100 Mc/s 


The upper frequency limit of the permeameter is 
about 50 Me/s. Above 50 Me/s slotted lines or cavi- 
ties are in general used for initial permeability 
measurements. Slotted lines have been used in the 
50 to 100 M/cs range but are cumbersome due to their 
large length. Somewhat smaller re-entrant cavities 
have also been used in the same frequency range by 
noting variations in either capacity or frequency for 
determining their resonant properties [9-12]. Meas- 
urements with a re-entrant cavity may also be made 
in terms of variations in length of the cavity [9]. 
The latter method has several advantages over the 
variable capacitance or the variable frequency method 
in that no capacity calibration need be made or no 
expensive frequency measuring equipment is needed. 
It is also possible to more easily minimize errors due 
to supports and discontinuities in the line which 
may become significant at higher frequencies. 

On the basis of the above information, an investi- 
gation was carried out to determine if a variable 
length re-entrant cavity can be adapted for obtaining 
reversible permeability measurements. As in the 
case of the permeameter, it is necessary to isolate 
the d-c and rf circuit from each other. However, 
above 50 Me/s it is difficult to use lumped circuit 
chokes for this purpose. On the other hand, the 
successful use of quarter wavelength transmission 
lines for this purpose by other investigators using 
slotted lines for their reversible permeability meas- 
urements suggests that the quarter wave choke 
method may also be applicable for re-entrant cavities. 

The arrangement which we have found to give the 
best results is shown in figure 4. In this case the 
d-c current passes through the center conductor of 
the cavity in order to provide the circumferential 
field in the vicinity of the sample. The d-c current 
was confined to the center conductor by placing a 
thin sheet of insulation between the mounting flange 
of the quarter wavelength short and the cavity. 
No rf current could be detected in the d-c circuit 
outside of the cavity when the choke was tuned to 
approximately a quarter wavelength. It was ob- 
served that the setting of the quarter wavelength 
line is not critical for completely isolating the d-c 
and rf circuits. 

The complex permeability may be evaluated from 
a determination of the change in the resonance 
length and Q of the cavity due to insertion of the 
sample. The equations and procedure for obtaining 
data are the same as those given in the next section 
describing variable length half-wave coaxial cavities. 
Essentially the same equations have also been given 
by van der Burgt, Gevers, and Wijn [9] who describe 
a variable length re-entrant cavity for initial com- 
plex permeability measurements. 
instrument, copper rings having the same dimensions 
as the sample were measured in order to obtain 
simplified equations. 

The restrictions on the use of such instruments 
noted by the above authors such as high Q, small 


However, in their 
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Figure 4. Variable length re-entrant cavity with quarter wave- 


length line used from 50 to 100 Mc/s. 


The length of the quarter wavelength line relative to the reentrant cavity will in 
general be somewhat greater than indicated in the above simplified schematic. 


length changes, etc., are also applicable to our 
instrument. <A Q of several hundred, obtained with 
our instrument, appears to be satisfactory for 
determining the loss of most materials from 50 to 
100 Me/s. In addition, we have found it necessary 
to give consideration to possible errors due to tem- 
perature changes of the center conductor resulting 
from the large d-c currents required to obtain the 
bias fields. Such errors can be either eliminated 
by water cooling the center conductor or corrected 
for by making two identical runs, one with the 
sample in the cavity and one with the cavity empty. 
In our case, the latter method proved to be more 
feasible since some mechanical difficulty was experi- 
enced in obtaining water cooling in a cavity of this 
type. 


4. Variable Length Half-Wave Cavities, 
100 to 3000 Mc/s 


The combination lumped and transmission line 
circuitry used in the previously described re-entrant 
cavity may result in somewhat more difficulty in 
the mechanical design of the instrument and in the 
rigorous analysis of the working equations than is 
the case for completely distributed parameter sys- 
tems. As such, most magnetic spectra studies of 
the initial complex permeability in the range above 
about 100 Me/s have utilized slotted line techniques. 
Somewhat less information has been reported on 
the use of variable length coaxial half-wave cavities 
for obtaining data of this type [13). 
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The measurement of parallel reversible permea- 
bility at these higher frequencies has been confined 
exclusively to the use of slotted lines in which the d-c 
circuit is isolated from the rf circuit by means of a 
quarter wavelength line [1, 3,4]. On the other hand, 
an examination of variable length cavities suggests 
that an insulated d-c conductor could be placed 
through a hollow rf center conductor of such a cay ity 
and thereby isolate the d-c from the rf signal without 
the use of a quarter waveline. Because of this advan- 
tage and our previous successful use of variable 
length cavities for initial permeability measurements, 
we developed two variable length cavities with hol- 
low center conductors containing insulated d-c 
conductors. No coupling between the rf and d-c 
circuits was observed in either instrument. Since 
complete isolation is obtained without the use of a 
quarter waveline, this is a distinct advantage over 
slotted line techniques for reversible permeability 
measurements. 

The design of both of these cavities was based on 
the Chipman method for impedance measurements 
[14 Both cavities were mounted in a vertical posi- 
tion in order to avoid any supports on the center 
conductor. One of the instruments was designed for 
measurements below 300 Me/s, while a smaller, more 
precise instrument was used for obtaining data above 


300 Me/s 
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The larger instrument shown in figure 5 is pres- 
ently designed for obtaining data at frequencies in 
the vicinity of 100, 200, and 300 Me/s using 1, 2, or 


et | 


The Q at these 


3 half wavelengths respectively. 
frequencies varies from 400 to 700. Continuous fre- 
quency coverage at these low frequencies would 
require a rather long micrometer drive. In lieu of 
this approach, the line has been constructed in 
removable sections to provide for coarse adjustments 
in length if information at other frequencies should 
be desired in the future. The general features of the 
instrument are similar to those shown in figure 6 
which is actually a schematic for the higher frequency 
cavity described below. 

Although the above described cavity can be used 
above 300 Me/s, it was more convenient to design 
and construct a smaller, more precise instrument 
capable of continuous frequency coverage for meas- 
urements from 300 to approximately 3000 Me/s. As 
in the case of the larger cavity, multiple half wave- 
lengths can be used to obtain resonance at the higher 
frequencies. In addition, this cavity has the added 


advantage of a continuously variable coarse adjust- 
ment of length for changing the frequency range of 
This adjustment was,obtained by 


the instrument. 
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| Ficure6. Drawing of the 300-3000 Mc/s variable length cavity 

Ficure 5. Half-wave variable length cavity used at 100 Mc/s, 
200 Mc/s, 300 Me/s. etc 


A d-c fieldfis applied to the sample by sending direct current through a G-c con- 
ductor which is placed inside of and insulated from the hollow rf center conductor, 
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threading the outside conductor of the cavity for a 
considerable distance as can be seen in figure 7. The 
cavity also has a higher Q, ranging from 500 to 3000, 
depending on frequency. ‘To avoid any discontinui- 
ties near the sample at high frequencies, the center 
conductor and shorting plate of the 300 to 3000 
Me/s cavity were constructed as one piece as can be 
seen in figure 6. This arrangement gives a uniform 
distribution of rf current around the center conductor 
where it joins the shorting plate, and hence a uniform 
rf field for the sample which rests on the shorting 
plate. The cavity is opened for inserting the sample 
by removing the whole center conductor-short assem- 
bly. The cavity was prevented from heating up 
when the direct current was applied by making the 
d-c conductor out of \¢ in. tubing through which 
water was circulated for cooling. 

The complex permeability may be readily evalu- 
ated from a determination of the changes in resonant 
length and @ of the cavity when the sample is 
inserted. The toroidal sample which is placed 
against the shorted end of the line has a thickness 
small compared to a quarter wavelength in the 
material in order that dielectric effects do not influ- 
ence the magnetic permeability measurements. Our 
experience has indicated that it is not difficult to 
obtain sufficiently thin ferrites so that the dielectric 
effect is negligible at least to 1 Ge/s and in some 
cases to 3 or 4 Ge/s. 

For sufficiently small changes in the parameters 
of high quality lines, the complex permeability (u* 

u’—ju’’) may be calculated from the equations 


AL 


where it is assumed that the sample of thickness d 

has the same radial dimensions as the coaxial line. 

The remaining quantities in the equations are ob- 

tained from the following length measurements. 
AL=The difference between the resonance length 
of the empty cavity and the resonance 
length of the cavity when the sample is 
placed against the short. 

The difference between the two lengths of the 
empty cavity for which the power level is 
) the maximum value at resonance. 

The difference between the two lengths of the 
cavity with the sample for which the power 
level is the maximum value at resonance. 
An excellent analysis of variable length cavities 

for initial permeability measurements in which these 

equations are developed in essentially the above 
form has been given by Eichacker [13, 15]. His 
work also demonstrated that variable length lines 
and slotted lines both work with the same evalua- 
tion formula. In this respect, it should be noted 
that the above equations have also been obtained in 
similar form by other authors using slotted line 
techniques [16]. 
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Figure 7. Half-wave variable length used at 300- 


3000 Me/s. 
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In many cases, it may not be convenient to obtain 
samples which have the same radial dimensions as 
the coaxial line. However, following the approach 
used by Bady and Franklin [10], the above equations 
may be written in the following form for loose fitting 
samples. 

B 
ae A AL 
. eee 


log 
a 


log 


B 
A (Al ,—Al,) 
b 


log 
a 


log 


where the toroidal sample of inner radius a and outer 
radius 6 is located in the coaxial line of radii A and 
B. 

5. Associated Equipment and Results 


The rf equipment used with the half-wave*cavities 
and re-entrant cavity consisted of commercially 
available signal sources with pads and matching 
stubs for the input circuit as well as facilities for 
monitoring the frequency of the system. The out- 
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put circuit consisted of matching stubs and cali- 
brated IF detector systems or standing wavemeters 
depending upon the frequency. For the permeam- 
eter, the impedances are measured with a @ meter 
or Maxwell-type bridge. 

Since in the cavities as well as the permeameter, 
large currents are needed to obtain d-c fields large 
enough to saturate many samples, a 6 v_nickle- 
cadmium battery capable of high discharge current 
was used. It was desirable to be able to vary the 
current from 0.5 to 500 amp and also to have the 
current remain constant at any desired value during 
a measurement. To do this the current was passed 
through a number of power transistors connected in 
parallel. The large current /, through the transistors 
can be varied or held constant by controlling the 

. rrr , = ° x : Data obtained from curves such as shown in figure 10. Sample dimensions 
small bias current Is. Che eircult 1s shown 10 | outside diameter=0.961 in., inside diameter =0.678 in., thickness=0.040 in. 
figure 8. The voltage drop V,, across the high cur- 
rent shunt is compared to a control voltage, V., set 
by the operator. The difference between these two 
voltages is amplified and used to drive a servomotor 
which changes the bias current in such a way as to 
increase or decrease J, until V, is equal to V,. The 
current J, is held constant at a value /.=V,./R, where 
R, is the shunt resistance. A millivoltmeter across 
the shunt is used to measure /, above 10 amp. 
Below 10 amp a clip on d-c ammeter is used. 

A typical spectrum of the parallel reversible 
permeability of a magnesium ferrite obtained with 
the above described equipment is shown in figure 9. 
Data is obtained by measuring the reversible per- 
meability and loss as a function of the d-c field at 
each frequency. An example of curves of this type 
for »’ only is given in figure 10. A complete set of 
these curves at all desired frequencies enables the Figure 10. Typical results of parallel reversible permeability 
spectrum to be obtained for any desired current. | versus applied d-c current. 

This data indicates that the above described equip- = 
: : . - 6 rhe sample was cycled at +100 amps several times before measurements were 
ment provides a highly satisfactory method for | made in the direction indicated by the arrows. 
obtaining reversible permeability spectra informa- | 
tion. 





Figure 9. Typical spectrum of the parallel reversible permea- 
bility of a magnesium ferrite. 
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An absolute calibration of the National Bureau of Standards 
Thermal Neutron Flux, E. J. Axton, J. Research NBS 67A 
(Phys. and Chem Vo. 3, 215-230 (May-June 1968). 

The NBS Thermal Neutron Flux has been calibrated in terms 
of the gold thermal neutron capture section. The 
effective thermal neutron (below cadmium cutoff energy) 
flux density is estimated to be 4307+2 percent n/em? sec in 
September 1961. This figure is in agreement with a recent 
value quoted by the NBS 
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Purity analysis of highly purified materials by time-tempera- 
ture cryometry, G. 8. Ross and H. D. Dixon, J. Research 
NBS 67A (Phys. and Chem No. 3, 259-263 (May-June 
1963). 

Visual observation of the freezing and melting of compounds 
in cells used for the determination of purity has uncovered 
some heretofore unexpected behavior. This behavior has 
been correlated with certain difficulties experienced in the 
measurement of purity, particularly when the sample is 
very pure. Means for partially reducing these difficulties 
are proposed and procedures for increasing the accuracy of 
purity measurements are described. 


Analysis of families of curves, J. Mandel and F. L. MeCrackin, 
J. Research NBS 67A (Phys. and No. 3, 271-279 
(May-June 1963 

A systematic approach is presented for fitting empirical 
expressions to data depending on two variables. The 
problem can also be described as the simultaneous fitting of 
a family of curves depending on a parameter. 

The proposed method reduces a surface fitting problem to 
that of fitting a few functions of one variable each. First, 
the surface is expressed in terms of these one-variable func- 
tions, and using an extension of two-way analysis of variance, 
the accuracy of this fit is assessed without having to deter- 
mine, at this point, the nature of one-variable functions. 
Then, the one-variable functions are fitted by customary 
curve-fitting procedures. 

For illustration, the method is applied to two sets of experi- 
mental data. 


( he m 


A controlled atmosphere chamber, C. L. Gordon and 
Johannsen, J. Research NBS 67A (Phys. and Chem.), 
281-283 (May—June 1963). 

An inert atmosphere chamber for the transfer of reactive 
materials is described. It has the advantages of being 
inexpensive and easily cleaned, and can be evacuated. 


R. B. 
No. 8, 


The meaning of Betti’s reciprocal theorem; C. 
J. Research NBS 67B (Math. and Math. Phys.), 
(Apr.—J une 1963). 

It is demonstrated that Betti’s reciprocal theorem represents 
a criterion for the existence of a stored-energy function. 


Truesdell, 
No. 2, 85-86 


Effect of molecular weight on viscoelastic properties of 
polyme-s as predicted by a molecular theory, H. Oser and 
R. S. Marvin, J. Research NBS 67B (Math. and Math. 
Phys.), 2, 87-90 (Apr.-June 1963). 

Calculations have been made covering the predictions of a 
model representing the viscoelastic behavior of rubberlike 
polymers for molecular weights greater then M,, M, being 
the lower limit of the range in wnich the viscosity is propor- 
tional to M34. A pronounced difference in the character of 
?’’ is predicted for polymers with molecular weights between 
5 and 10 times 7. as compared with those whose molecular 
weights are outside this range. 
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Asymptotic behavior of the current on an infinite cylindrical 
antenna, K. 8S. Kunz, J. Research NBS 67D (Radio Prop 
No. 4, 417-431 (July-Aug. 1963). 

An asymptotic expression is obtained for the currnet distri- 
bution on the outside surface of an infinitely long, perfectly 
conducting, hollow cylindrical antenna that is fed by an 
infinitesimally narrow circumferential gap. This asymptotic 
expression involves two series. The first series is expressed 
in reciprocal powers of log (2/z|/jf'*ka?), where is the dis- 
tance from the gap, log T is Euler’s constant, k is the propaga- 
tion constant, and a is the radius of the antenna. The second 
series is a similar series multiplied by 1 The first 
series is dominant and its first five terms yield values for the 
magnitude and phase of the current that for even moderately 
thick antennas (circumferences as large as \/3) are accurate 
to within about one percent in as close as \/3 of the gap. 
This is shown by a comparison of the values of the current 
obtained from these terms with the numerically computed 
values of Duncan (1962). Asymptotic expressions for the 
current found in the literature resemble the first term of this 
dominant series and are accurate only at relatively 
distances from the gap—except for very thin antennas 


On the statistical theory of electromagnetic waves in a 
fluctuating medium (1), K. Furutsu, J. Research NBS 67D 
(Radio Prop.), No. 3, 303-323 (May-June 1963). 
The subject of electromagnetic wave scattering by a randomly 
varying medium is reviewed giving special emphasis to the 
technical method of approach. The symbolic representation 
of Maxwell’s equations is introduced to make it easier to 
survey the whole subject and to formulate the equations 
The Feynman diagram method is applied to the computation 
of the correlation of the fields at different points in space to 
any order of approximation. The differential equation to be 
satisfied by the latter correlation function is also derived 
from another point of view. Thet the theory is developed 
on the “renormalization” of the constants, i.e., the effective 
propagation constant in a fluctuating medium and the effec- 
tive coupling constant between the field and the medium, etc.; 
the explicit expression of the former is obtained to the first 
order of approximation. The dispersion relation is derived 
as a connected problem. In Part II of this series of papers, 
a fundamental theory of statistics of the electromagnetic 
field in a fluctuating medium will be developed. In Part III, 
a few applications to tropospheric scattering will be given. 
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Analysis and synthesis of nonuniform transmission lines or 
stratified layers, G. Latmiral, G. Franceschetti, and R. 
Vincinguerra, J. Research NBS 67D (Radio Prop.), No. 3 
331-345 (May-June 1968). 

Nonuniform lossless or lossy transmission lines or layers 
used as broadband matching or absorbing devices are studied. 
When the refraction index, n(x), and the characteristic 
impedance Z (x), are given, the reflection spectrum, p(n 

po (4r/d), for z=0 can always be computed by solving nu- 
merically a Riccati differential equation (RDE). (Analysis 
Conversely, not only for n=const [Bolinder, 1950, 1956] 
but also for n(x) real and p=, a tapered transformer can 
be synthesized starting from a given p(y) spectrum by using 
Fourier transform techniques. (Synthesis) 

For broadband absorbers, the synthesization procedure can 
be approximately applied, under certain conditions, to only 
the part of the spectrum which represents the reflection of 
the matched (lossy) line. 
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NBS viscometer calibrating liquids and capillary tube visco- 
meters, R. C. Hardy, NBS Mono. 55 (Dec. 26, 1962), 20 
cents. 

Most measurements of viscosity 


with relative 
viscometers. These instruments 


calibrated with 


made 
be 


are 
must 





liquids whose viscosities are known. NBS provides a series 
of 10 oils for this purpose. Their viscosities range from 0.02 
to 450 poises and their temperature coefficients of viscosity 
range from 2.1 to 9.4 percent per degree C. When properly 
stored the oils may remain usable for from two months to 
one vear but prompt use is recommended The less viscous 
more stable. Representative types of glass capillary 
tube viscometers and their use are discussed briefly Con- 
trary to common belief, it is not necessary to calibrate these 
instruments at the temperature of use since the temperature 
coefficients of the instruments are small and correction if 
necessary can be calculated. Instruments in which the 
effective volume of charge is not adjusted at the test tempera- 
ture may require adjustment of their calibration constants 
to compensate for thermal expansion of the test liquid. 
Correction formulas for this and other errors or conditions 
are presented 


oils are 


Equipment characteristics and their relation to system 
performance for tropospheric communication circuits, A. F 
Barghausen, F. O. Guiraud, R. E. MeGavin, 8. Murahata, 
and R. W. Wilber, NBS Tech. Note 103 (Jan. 15, 1968), 
$1.00 

The performance of a tropospheric communications system, 
either within the line of sight or beyond the line of sight, is 
directly dependent on the operating characteristics of the 
equipment 

Performance predictions of a communications system are 
made on the basis that equipment will operate in a prescribed 
manner The degree of success of the communications sys- 
tem will depend largely upon how well these predicted values 
correspond to the actual operating values 

Consideration is given to those portions of the equipment 
that have definite effect upon the operating performance 
Specific items of equipment and methods for determining 
their performance are considered tepresentative results in 
light of the present state of the art permits an evaluation 
of an actual system in terms of realizing an “optimum” 
System. 

In svstems that do not have the 
desired, consideration is given to laboratory devices which 
may alleviate these deficiencies Future systems should 
consider incorporating these devices as development permits. 


The construction of calorimeters for the 
absorbed dose, B. Petree and G. Ward, 
163 Vor 1962), 25 cents. 

Direct measurements of energy locally absorbed in irradiated 
materials can be made with adiabatic calorimeters of suitable 
design. Design criteria imposed by requirements of accuracy 
include limitations on size and complexity. Small calorim- 
eters of simple design with better than one 
percent at dose rates above one rad per second have been 
developed. Details of fabrication, auxiliary equipment and 
performance are described. 


optimum” characteristics 


measurement of 
NBS Tech. Note 
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Detection of high altitude nuclear detonations using the VLF 
phase shift technique, A. G. Jean and D. D. Crombie, /EE 
Trans. Nu Sct. NS 10, 242-253 Jan. 1963). 

It is well known that nuclear detonations at heights of about 
30 km or more can create large increases in the electron density 
of the upper atmosphere not only in the general area of the 
blast but also in areas remote from it. In this paper, the 
effects of such nuclear explosions on the lower ionosphere 
are considered The influence of these ionospheric changes 
on the propagation of VLF signals is then discussed from the 
point of view of the detection of such nuclear explosions. 


The measurement of voltage by the use of the Stark effect, 
\ Jeers and G. L. Strine (J/ntern 
V eas irements, Boulder 
I-Il, 171 (Dec. 1962 

The theory of the Stark effect is 
possible application of measuring 


that the effect can be 

and that the accuracy is likely to be limited by the accuracy 
Wit! which the electrode separation can be determined. 
Therefore, the most sophisticated types of molecular fre- 
quency standards may not be required. The Stark method 
appears to hold a particular adva for the measurement 


Cont 


Precision Electromag- 
netic Colo., 1962), IRE Trans. Instr. 
reviewed with regard to its 
It is pointed out 
to measure relative voltage 


voltages. 


used only 


ntage 
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of high voltage since no voltage divider is required. Also, 
two possible methods of comparing ac voltages to de voltages 
are discussed. Finally, an expermental Stark voltmeter 
employing a millimeter wave Fabry-Perot absorption cell 
is discussed. Calculations concerning J =2-—3 transition of 
methyl evanide at 55 Ge indicate that in principle the precision 
obtainable with a field strength of 10' volts/em should be in 
the neighborhood of one part in a million, if field inhomo- 
geneities can be neglected. 


A National Bureau of Standards gas thermometer, L. A. 
Guildner, Book, Temperature, Its Measurement and Control 
in Science and Industry 3, Pt. 1, 151-155 (Reinhold Publ. 
Corp., New York, N.) 1962 

At the National Bureau of Standards a constant-volume gas 
thermometer will be used to determine differences between 
the International Practical Temperature Scale of 1948 and 
the Kelvin thermodynamic scale The gas thermometer 
bulb is a 500 ce sphere of platinum-20°;, rhodium alloy. It is 
connected to a pressure-sensitive diaphragm for separating 
the gas thermometer from a mercury manometer. With 
large menisci, the positions of the mercury crowns can be 
accurately detected by capacitance. The height of mercury 
is measured by Hoke end standards. A ‘‘tilt meter’? measures 
variations of the manometer base from level 

Intensive effort is being made to reduce random and system- 
atic errors. The bulb is thermostated uniformly by a copper 
furnace. The physical characteristics of the gas thermometer 
will be determined experimentally Measurements will be 
made with a second thermometer bulb and with more than 
one gas. Determinations will be made for different 
of each gas in order to extrapolate to zero pressure 
It is planned to measure near the fixed points and at inter- 
mediate temperatures from 100 °C to 960 °C. A final set of 
measurements will determine the ratio of the thermodynamic 
temperatures of the steam and triple points of water. 


masses 


Quartz crystals at low temperatures, P. R. Simpson and A. H. 
Morgan, Proc. 13th Annual 
207-231 (Aug. 1959). 

The results of measurements performed at 
Laboratories on certain characteristics of high precision 
quartz crystal oscillator units at temperatures below the 
normal ambient range are described with particular emphasis 
on frequency stability Included are some details on the 
cryogenic ovens used, their temperature control devices and 
performance. The oscillators developed for driving the 
crystal units and the frequency measuring systems emploved 
will also be discussed. Various disturbing influences such as 
recharging the cryostats with refrigerant, shock and vibration, 
filament voltage variations on the oscillator tubes, and others, 
will be mentioned. 


Symp. Frequency Control, pp. 
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Resistance thermometry in the liquid helium temperature 


region, M. H. Edlow and H. H. Plumb, Book, Temperature, 
Its Measurement and Control In and Industry 3, 
Pt. 1, 407-411 (Reinhold Publ Vew York, N.Y., 1962). 
Carbon and impurity doped germanium resistors have been 
investigated for use as precision secondary thermometers in 
the liquid helium temperature region. Three germanium re- 
sistors supplied by Bell Telephone Laboratory (S6Q, 59Q, and 
212) have been thermally cycled from 300 °K to 4.2 °K and 
their resistances have been found to be reproducible to within 
1 millidegree when temperatures were derived from a con- 
trolled surface vapor pressure, and within 's millidegree 
(except for one that had been repaired) when temperatures 
were derived from a vapor pressure thermometer whose 
tubing is jacketed through most of the liquid helium. Five 
impurity-doped germanium resistors supplied by Texas 
Instruments Inc. have been thermally evcled from 300 °K to 
1.2 °K and yield reproducibilities ranging from 2 to 10 milli- 
degrees. Preliminary calibrations of the Bell Laboratory 
592 and 212 and the Texas Instruments Inc. 1250 resistors 
have been made from 4.21 °K to 2.16 °K at every 0.1 °K. 
The data were fitted to a curve of the form log R+k/log R 
A+B/T by means of the 704 computer. The standard 
deviations of the data from this equation for the 1252 and 
59Q2 resistors are =1 millidegree; for the 210 resistor, the 
standard deviation is =3.3 millidegrees. 
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An improved resistance thermometer bridge, J. P. Evans, 
Book, Temperature, Its Measurement and Control in Science 
and Industry 3, Pt. 1, 285-289 (Reinhold Publ. Corp., New 
York, N.Y., 1962 

Details of an improved Mueller bridge are given. 
has a range 0 to 422 ohms in 1 microhm steps. The important 
new features are (1) the addition of a decade with 1 microhm 
steps, (2) the use of mercury wetted contact switches for the 
1, 0.1, and 0.01 ohm decades as well as for the 10 ohm decade 
and the 100 ohm coils, (3) the use of totally enclosed wafer 
type switches for the four lower decades, (4) the inclusion of a 
circuit which permits the instrument to be used as a four 
terminal decade provision for digital read-out 
of the bridge dial settings, and (6) electrical guarding and 
shielding of the measuring circuit so that sensitive electronic 
null detectors may be used 


The bridge 


resistor, (5 


Lasers, T Lawrence, Wash tcad. Sci. 58, 25-34 
(Feh. 19863 


A general survey on the present state of lasers is presented. 


Thermophysical 
Beck and T. B 
(1/962). 
Attention is called to the emphasis by 
physical chemists of different sets of properties of metal 
hydrides, but it is pointed out that almost all properties 
indicate and are influenced by the phase-field boundaries 
The author (of the discussed) shows commendable 
caution in interpreting data in terms of these boundaries. 
More two-way approach to immobile equilibria is recom- 
mended, and the writer cites some of his own experience 
One heat capacity reported, while not precise, agrees with a 
recent correlation by the writer of the Zr-H system. The 
writer criticizes the implication that two coexistent phases 
have the same heat capacity He points out that an ideal 
heat-cavacitv curve has a liscoptinuity op entering a two- 
phase field and that for a given simple composition the heat 
capacity in the latter field is always greater than in an ad- 
jacent one-phase field 
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properties of zirconium 
Douglas, 7'rans. Am. Sor 


hydrides, 
Vetals 55, 1075 
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Measurement of electron density and temperature in dense 
plasmas by application of line broadening theory, J. B. 
Schumaker, Jr., and W. L. Wiese, Book, Temperature, Its 
Veasurement and Control in Science and Industry St. I. 
7) Vew Yo k, aw 1962) 


5-579 (Reinhold Publ 


Cor p., 


V4 
The electron density and temperature in are plasmas have 


been determined by the deliberate introduction of a trace of 
hydrogen as athermometer. The electron density is obtained 
by spectrophotometric measurement of the line profile of one 
of the Balmer lines and comparison with the theoretical 
profiles recently calculated by Griem, Kolb, and Shen 
The temperature is then calculated from the eleetron density 
using the usual equilibrium equations of statistical mechanics 
for reacting gas¢ 


A study of stability of high temperature, platinum resistance 
thermometers, J. P. Evans and G. W. Burns, Book, 7 mper- 
ature, Its Measurement and Control in Science and Industry 3, 
Pt. 1, 318-318 (Reinhold Publ. Corp., Vew York, N.Y., 1962). 
The National Bureau of Standards is studying the perform- 
ance oi platinum resistance thermometers in the range 630.5° 
to 1063° C \ number of thermometers with temperature 
sensing resistors of several designs, various protecting tube 
materials, and two types of platinum wire have been con- 
structed. Thermometer stability was tested by heating the 
thermometers for long times at high temperatures and period- 
ically determining the thermometer resistance at 100° and 

> C. The constancy of the ratio of these resistances, 

i9/f%, is taken as an indicator of thermometer stability. 

is shown that stable thermometers can be made. The 
stability of the thermometers is found to be affected by the 
rate of cooling from high temperatures. This cooling rate 
effect is explained by the quenching-in of point defects in 
platinum 


Theory and methods of optical pyrometry, H. J. Kostkowski 
and R. D. Lee, Book, Temperature, Its Measurement and 
Control in Science and Industry 3, Pt. 1, 449-481 (Reinhold 
Publ. Corp., New York, N.Y., 1962). 


A detailed review of the theoretical methods of optical 
pyrometry and the application of these methods at the Na- 
tional Bureau of Standards in realizing and dispersing the 
International Practical Temperature Scale above 1063° C 
is presented. In the theoretical presentation, the concepts 
of effective and mean effective wavelengths are introduced, 
and various equations relating parameters to each 
other and other physical quantities are derived. The im- 
portant features of precision visual optical pyrometers are 
discussed and a number of blackbody sources and tungsten 
strip lamps described. Detailed experimental procedures 
and results of primary and secondary calibrations of optical 
pyrometers at NBS are given. Finally, recommendations 
for achieving high precision and accuracy and the fundamental 
limitations in visual optical pyrometry are presented 


these 


The role of temperature in our measuring system, A. G 
MeNish, Book, Temperature, Its Measurement 
in Science and Industry 3, Pt. 1, 129-132 
New York, N.Y., 1962 

Temperature is taken, together with length, mass, and time, 
as one of the completely independent quantities whicl 
the basis of our measuring system This is 
that temperature is an intensive quantity 
three are extensive quantities The unit of temperature 
like the units of length, and time is independent of 
all units of the system, like them, embodied in its 
proper standard 

t is possible to construct a system in which temperature 
is not regarded as an independent quantity but one expressible 
in terms of length, mass, and time. However, in such a sys- 
tem the unit of temperature could not be realized with any- 
thing like the accuracy required for measurements 
This is because the relationship between temperature and 
length, mass, and time has not vet been measured with an 
accuracy approaching that with which each of these quanti- 
ties itself can be measured Specifically, the gas constant 
has never been very accurately determined 

The present practice of regarding temperature as an independ- 
ent quantity affords a procedure for the 
measurement of temperature. 
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of absolute temperatures 
velocity measurements, G. Cataland, M. H. 
H. H. Plumb, Book, Temperature, Its 
Control in Science and Industry 3, Pt. 1, 
Publ Corp., New York, N.) 1962 
Absolute temperatures were derived from determinations 
of the velocity of sound in a gas and the acoustical inter- 
ferometer was used for the velocity measurements For an 
ideal gas, the velocity of sound is directly proportional to the 
square root of the absolute temperature; in the case of a real 
must be made which involve virial coeffi- 
cients of the gas in a pressure expansion. Since these cor- 
rections are a function of pressure, it is desirable that velocity 
measurements for absolute temperature determinations be 
conducted at the lowest practical (the 
approaches the state of an ideal gas 

An acoustical interferometer has been constructed at the 
National Bureau of Standards and has been used, with helium 
gas as a thermometric material, to determine absolute tem- 
peratures at 4.2° K. When temperatures thus derived are 
compared with absolute temperatures associated with liquid 
helium vapor pressures, the difference between the two tem- 
peratures is 10 millidegrees. While this result is of a prelimi- 
nary nature, it does justify continued investigations for 
determining absolute temperatures by methods. 
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Ranking laboratories by roundrobin tests, W. J. 
Mater. Res. Std. 3, No. 1, 9-13 (Jan. 1968). 

This paper presents a scoring method for laboratories partic- 
ipating in roundrobins. For each material the laboratory 
with the highest numerical result is given the rank of one, 
the laboratory with the next highest result is given the rank 
of two, and so on until the lowest of L results is given the 
rank L. A laboratory is scored by summing its ranks for 
all the materials. The paper includes a new statistical 
table that gives lower and upper limits for scores that corre- 
spond to five percent probability. Because systematic 
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errors operate to produce extreme scores, the table should be 
useful in singling out laboratories with pronounced systematic 
errors 


The error rate in a multiple-frequency-shift system and the 
output signal noise ratio in a frequency modulation and a 
pulse- code- modulation frequency-shift system, H. Akima, 
Trntern Con Satellite 3805-310 (Nar 
22-28, 1962). 

Base d on the assumption of a fading-free 
tive white Gaussian noise, the element 
in an MFS (multiple-frequency-shift 

and the output SNR (signal-to-noise ratio) in an FM (fre- 
quency-modulation) and a PCM-FS (pulse-code-modulation- 
frequency-shift determined theoretically. The 
signal to characteristics of an SSB (single-sideband 

an EM 


Communication, pp. 


signal and an addi- 
and symbol error rate 
system are evaluated, 


System are 
noe 


and a P¢ 


‘M-FS system are compared with each other, 


A differential thermocouple voltmeter, J E 
Hermach, 1JEE T ans., Pt 


fy 


Griffin and F. L 
nications and Elec- 
onics No 638, Ariocle Vo 62-819, 338 S44 (Nov. 1962). 

An a-c voltmeter has been developed to indicate directly 
in percent the difference between an unknown voltage and 
the settings of the dials of the instrument. It is accurate to 
0.05°, from 5 cps to 10 ke at 1 to 700 volts Two 10-ma 
thermoelements are used; one in with an a-c decade 
resistor, and the other energized from a constant-voltage 
d-c source (zener diode \ built-in galvanometer, cali- 
1 percent of the input voltage, indicates the difference 


C'omn 


series 


brated i 
between the two thermocouple output emfs and has a resolu- 
tion better than 0.01% The instrument was designed for 
rapidly calibrating other voltmeters. It can used 
for ac-de difference measurements frequency tests) 
to 0.02' 


also be 
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Cavitation problems in cryogenics, R. B 
Martin, J Basic Eng 82, 796-757 Ne pl 
Cavitation problems in eryogenics are not unique to cryo- 
genics. A basis for the prediction of cavitation character- 
istics is developed and discussed. Cavitation problems with 
pumps, flow meters and flow of saturated liquids 
are discussed It is concluded that research into basic 
problems involving metastability, nucleation, vapor-phase 
dynamics, etc., is needed 
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Color tests for antioxidants, £. J. Parks, L. T. Milliken, and 
F. J. Linnig, Rubber Age 92, No. 257-261 (Nov. 1962). 

\ method involving the use of color and precipitation tests 
is presented for the qualitative identification of five antioxi- 
dants commonly used to protect crude SBR. They are: 
PBNA (phenyl-beta-naphthyl-amine), BLE (reaction product 
of acetone and diphenylamine), Stalite (mixture of heptylated 
and octylated diphenyl amines), Wingstay S. (mixture of 
styrenated phenols), Polygard (mixture of aklylated aryl 
phosphites The use of several series of selected tests 
avoids the need to distinguish between shades of color and 
helps to eliminate uncertainties resulting from contamina- 
tion or the possible presence of other stabilizers. The method 
stresses simplicity and rapidity of operation. Laboratory 
instrumentation is not involved Only 10 to 15 minutes are 
required to complete the series of tests necessary for the 
identification of antioxidants present in normal quantities. 
Traces (10 to 100 ppm) of staining antioxidants (PBNA and 
BLE) are also detected in rubber protected primarily by 
usual amounts (about 1.25°,) of nonstaining antioxidants 
Stalite, Wingstay S., and Polygard The individual tests 
necessary to detect these trace quantities require no more 
than 30 minutes in some cases, and as little as 10 minutes in 
others 


Widely separated clocks with microsecond synchronization 
and independent distribution system, T. L. Davis and R. H. 
Doherty, TRE WESCON, Conv., Pt & pp. 3-17 (1960). 

In a majority of timing applications, a problem exists in 
setting two or more clocks to agree with one another Present 
techniques using WWV or other high frequency broadcasts 
allow clocks to be synchronized within 1 millisecond. This 
paper describes a method which offers an improvement in 
synchronization of three orders of magnitude. 


Microsecond synchronization is obtained by use of the 
Loran-C navigation system as the link between a master 
clock at Boulder, Colo., and any slaved clock anywhere in 
the Loran-C service area, 

The timing system also includes a 
tribution of several time code 
channel. 


unique method for dis- 
formats on a single UHF 


A low impedance Maxwell bridge for measuring torodially- 
shaped magnetic materials from 1 Ke to 100 Ke, A. L. Ras- 
mussen and R. C. Powell, Proc. TRE 50, 2505-2506 (Dec. 
1962). 

A specially designed Maxwell bridge extends the range of 
coaxial magnetic measurements several orders of magnitude 
lower in frequency and complex permeat bility than possible 
with previous equipment. This bridge measures from 1 Ke 
to 100 Ke the quantities of 10-' to 10-° henrys, 10-7 
(frequency in Ke) to 10-! ohm and loss tangent (the reciprocal 
of the Q) 10-° to 10 using toroidally-shaped magnetic ma- 
terials without the difficulties normally encountered from 
multiple windings and contact resistance. 


Kaufman 


1223-1227 


Germanium vacuum ultraviolet 
and K. L. Andrew, J. 
(Nov. 1926). 

The number of Ge 1 Ritz standards below 
been increased to approximately 100 lines 
uncertainties not exceeding O0.Q0009A, 
mated uncertainties of 0.0003A. This extension is the end 
product of a systematic Fabry-Perot interferometric investi- 
gation which has extended the former interferometric region 
of 2019-4685A to 12069A. Ninety-five interferometrically 
determined levels of Ge 1 are given, 72 of which have been 
improved by this effort. 

Twenty-three lines of Ge 11 were also measured interferometri- 
cally leading to 20 improved energy levels of this spectrum 
and to estimated splittings of the ng?G(n=5, 6, 7) terms. 
From the improved levels, twelve Ge u Ritz standards from 
999 to 1966A have calculated with estimated 
tainties not exceeding 0.0009A 
Ge u calculated from the 
521.3 em=!, 
work and 


Ritz standards, V. 
Opt. Soc. Am. 62, No. 11, 


2000A has now 
with estimated 
68 of which have esti- 


been uncer- 
- improved series limit of 
nf?F and ng’?G term series is 128 
This value made use of improved levels of this 
as yet unpublished data furnished by Shenstone. 


Microwave Doppler measurements of the ionization front in 
cylindrical shock waves from exploding wires, ). L. Jones 
and R. M. Gallet, Exploding Wires 2, 127-144 (1962). 
Strong cylindrical shock waves from exploding wires have 
been measured by microwave Doppler techniques. The 
results obtained simultaneously on two or three independent 
frequencies are in very good agreement and show that the 
ionization front is well defined. The Taylor-Lin simiiarity 
blast wave theory for the shock wave propagation is well 
verified over distances up to 6 or 7 em under the present con- 
ditions. Systematic results for the determination of shock 
wave energy and the efficiency for shock production in air 
over a range of pressures, wire diameters, and stored electrical 
energy are presented. Relative to optical methods used in 
the same problem the present technique is more sensitive and 
perhaps more precise. 

It is remarkable that very good reflections are still consistently 
obtained when the shock Mach number falls below 3 in air. 
From the calculated temperature and ionization in the shock 
front, the expected electron density should then be negligible. 
This effect is probably a result of the pre-excitation of the 
gas ahead of the shock front, caused by ultraviolet radiation 
from the wire explosion or from the advancing shock front 
itself. There is also a relatively weak precursor ionization, 
for which recent microwave absorption measurements have 
indicated electron densities of the order of 10" cm~* several 
centimeters ahead of the front. 

The good reflection at low Mach numbers permits one to 
show that the similarity theory is still valid until Mach number 
4 or below, and permits one also to record the departure from 
this relation at larger radii. 


Tests for contingency tables and Markov chains, 3S. 
M. Kupperman, and H. H. Ku, 
573-608 (Nov. 1962). 
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A number of useful tests for contingency tables and finite 
stationary Markov chains are presented in this paper based 
on the use of the notions of information theory. A consistent 
and simple approach is used in developing the various test 
procedures and the results are given in the form of analysis-of- 
information tables. Beginning with tests of hypotheses for a 
one-way table, tests of hypotheses of specified probabilities, 
independence, conditional independence, homogeneity of 
classifications, and symmetry are developed for contingency 
tables of two, three, four, and higher order classifications. 
For the Markov chains, the tests include the hypotheses of a 
specified matrix of transition probabilities, Markovity, and 
homogeneity of several realizations of Markov chains. 
Worked examples are given throughout the paper. 


Comments on the limits to the refractive index at ground 
level as a radiometeorological parameter, B. R. Bean and 
G. D. Thayer, Proc. IRE 48, No. 8, 1498-1501 (Aug. 1960). 
This letter is in rebuttal to M. Misme’s criticism of the 
authors’ earlier article in the Proc. IRE. M. Misme points 
out that, granting his hypothesis, an exponential decrease of 
N with height is impossible in regions of the world where 
the specific humidity is greater than 10 gms/kg. He then 
reaches the conclusion that certain common applications of 
meteorological data to radio engineering ;roblems are also 
not valid in these same areas of high atmospheric humidity. 
The authors’ rebuttal consists of a demonstration that the 
experimental evidence is in marked disagreement with M. 
Misme’s conclusions. By testing both M. Misme’s hy- 
pothesis and their own original conclusions with new and 
independent experimental data from the arctic and the trogies, 
the authors conclude that their original model refractive 
index atmospheres have even broader application than 
originally sup posed. 


Interpretation of pH measurements in alcohol-water sol- 
vents, R. G. Bates and R. A. Robinson, Proc. 7th Intern. 
Conf. Coordination Chemistry, Stockholm, Sweden, pp. 342-344 
(1962). 

The liquid-junction potential between an aqueous salt 
bridge-reference electrode and solutions in ethanol-water 
solvents is shown to be dependent, as a first approximation, 
only on the solvent composition and not on the nature of 
the solute. The pH* appears to be the most practical unit 
for measuring the acidity of partially aqueous media. 


The significance of transients and steady-state behavior in 


nonlinear systems, W. J. Hartman, Proc. IRE Correspond- 
ence Section 49, No. 3, 637 (Mar. 1961). 

The purpose of this note is to correct some mathematical 
errors made in a letter to the editor of the IRE by Wolf. 


Measurements of effective temperatures of microwave noise 
sources, J. S. Wells, W. C. Daywitt, and C. K. 8. Miller, 
IRE Intern. Record, Pt. 3, 1200-1208 (Nov. 1962). 
The need for the calibration of gas discharge noise sources 
has existed for some time. In an effort to accommodate 
this need, work has been completed on a comparison system 
in X-band that uses a heated resistive wedge as a standard 
source of noise power. 

The reference standard is based on Nyquist’s Theorem and 
consists of a high temperature waveguide terminated by a 
suitably matched resistive element. The waveguide itself 
is one continuous piece with a heat sink on the flanged end. 
Two standards are in use; one of platinum—13 percent 
rhodium waveguide and the other of gold waveguide. 

The comparison system is a modified radiometer of the type 
used by Dicke, the principal modification being the use of 
one arm for comparison purposes and the other arm for a 
reference. The powers from an unknown noise source and 
a standard noise source are compared through a single arm, 
and an indication of the ratio of the power levels is read as 
an attenuation difference on a precisely calibrated variable 
attenuator. The noise temperature of the unknown source 
is then determined from the attenuation difference, the 
temperature of the attenuator, and the effective noise tem- 
perature of the standard. 

An error analysis includes sources of errors in the comparison 
system and in the standard source. The errors due to the 
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comparison system consist of: mismatch and calibration 
errors associated with the precision variable attenuator; chart 
resolution uncertainty; switch uncertainty; and the ambient 
temperature uncertainty of the attenuator. For the stand- 
ard source the errors include the mismatch factor of the 
standard (and also the corresponding one for the unknown 
source), errors due to the uncertainty in the temperature of 
the hot load, and the uncertainties in the calculation of the 
effective noise temperature. 

All of these uncertainties will give a total error of 0.07 db in 
the excess noise ratio of a suitable unknown 
to be calibrated. 

The evidence of good repeatability in a set of measurements 
is presented along with the determination of the excess 
noise ratio of a commonly used, terminated, tube-in-mount 
noise source. 


noise source 


The calibration of temperature standards on the international 
practical temperature scale of 1948, J. P. Evans. Proc. 17th 
Ann. Instrument.-Automation Conf. Exhibit, Instr. Soc. Am. 
Preprint No. 21-1-62 (New York, N.Y., Oct. 1962). 

The International Practical Temperature Scale of 1948 is 
maintained in this country by the National Bureau of Stand- 
ards. This paper describes techniques used at NBS to cali- 
brate temperature measuring devices on the scale and methods 
of transferring the scale to industrial temperature standards. 


Mechanical properites of materials, R. H. Kropschot, Book, 
{pplied Cryogenic Engineering, Ed. R. W. Vance and W. M. 
Duke, 44-59 (John Wiley & Sons, Inc., New York, N.Y., 1962 
The principal mechanical properties of materials from room 
temperature 300 °K (80 °F) to 4 °K (—452 °F) are sum- 
marized. The discussion includes the tensile strength, 
vield strength. toughness properties and why some materials 
having a certain crystal structure (face centered cubic) are 
more suitable for low temperature applications. The be- 
havior of the materials that are commonly used in missile and 
space vehicles are portrayed by graphs and tables. 


A sing-around velocimeter for measuring the speed of sound 
in the sea, M. Greenspan and C. E. Tschiegg, Book, Under- 
water Acoustics, Lecture 5, p. 87-101 (Plenum Press, Inc., 
New York, N.Y., 1962). 

The NBS-ONR underwater velocimeter is an instrument 
which automatically measures the speed of sound in the sea 
(it also finds use in the laboratory). The stability and pre- 
cision of the instrument are adequate for all current uses 
Models now being manufactured are transistorized and bat- 
tery-powered, so that they can be used in the abyss. The 
principle of operation, together with construction details and 
performance characteristics, are given. The history of such 
instruments is briefly outlined, and the distribution of current 
models is indicated. 


Refraction and dispersion of synthetic sapphire, |. H. Maltison, 
J. Opt. Soc. Am. 52, No. 12, 1377-1379 (Dec. 1962). 

The refractive indices of synthetic sapphire (Al,O;) were 
measured at selected wavelengths and the values of index 
range from 1.834 at 0.265 uw in the ultraviolet to 1.586 k at 5.58 
win the infrared. A three-term Sellmeier dispersion equation 
of the form 


was fitted to the experimental data. Dispersive quantities 
were computed which estimate the optical performance to be 
expected from sapphire. 


Polysulfide sealants: Part I. Formulation and application 
properties, D. A. George, L. Dunlap, and P. Stone, Adhesives 
Age 6, No. 2, 32-36 (Feb. 1963). 

The chemistry, formulation modifications, working properties, 
and factors affecting the working proportions of polysulfide 
sealants are discussed. The investigations shows that the 
working properties necessary for various applications can be 
obtained in polysulfide sealants. 


Low temperature insulation, R. H. 


Kropschot, Book, 
Applied Cryogenic Engineering, Ed. R. W. 
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Duke, P 
1962 
The subject of cryogenic insulation has been divided into five 
1) high vacuum, (2) multiple layer, (3) powder, 
+) rigid foam, and (5) supports. Recent data on the thermal 
conductivity and other properties of these insulations is pre- 
sented in tabular and graphical form Application of these 
lations to In particular, 
for insulating liquid 
lescribed. Some criteria 
insulation 
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Precision of methods for measuring tensile strength, stretch, 
and tensile energy absorption of paper, T. W. Lashof, 7appi 
46, No. 1, 52-59 (Jan. 19¢ 
I laboratory conducted to evaluate the 
nsile rength and stretch, and to evaluate a 
tensile energy absorption 
idy was made in accordance with Mandel’s 
odel described in the tentative TAPPI 
e T 1200. It concluded that between- 
inability the within-laboratory 
is appreciable for the stretch method, but of only 
other methods At 
l and tensile energy absorption the 
ire affected bv the type of gripping jaw flat or line 
flat Values of precision are 
laboratory for within-labora- 
of results 
measurements are 
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Dimensional changes in dentures, G. ( 

Woelfel, at W. 1 

64-69 (Oct. 1962). 

Four technic dentures and usually eight clinical dentures were 

made with eight different types of acrylic resins, a polystyrene, 

nvlaecrlvic and hard rubber 
I equipment 
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Tunneling between a normal metal and a superconductor, 
ay s. Coller, ¢ ogenics 2 
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Dislocations and chemical etch pits in copper, A. W. Ruff, Jr. 

ippl. PI 33, No. 12, 3392-3400 ( Dee 
Che relation between 
pee! studied in thir 
cle formed al d 
emploved \ procedure 
so that both the etch 

vealed by 


1962 
and dislocations has 
foils of copper. Both 
L111] orientations were 
was developed for etching thin foils 
pits and dislocations were simultaneously 
oscopy methods Re- 
sults are also presented from companion studies of unetched 
foils and replica studies of Although a 
general relation was found between etch pits and dislocation 
did not 
\ discussion is presented of other defects which may 
etch pits, including some experimental results on 


chemical ete} pits 


single ecrysta 


is-grown crvstals 


transmission electron mic 
etched surfaces 


emergence points, a one-to-one correspondence 
exist 


nucleate 


deformation-produced prismatic dislocation loops. The re- 
lation of the present results to dislocation studies by etching 
methods alone is mentioned 


Properties of a silica-reinforced polymer for dental restora- 
tions, R. L. Bowen, J. Am. Dental 66, No. 1, 57-64 
(Jan. 1963) 

The incorporation of vinylsilane-treated silica powder into 
an organic polymer reinforced the material. This reinforce- 
ment number of properties more nearly matching 
those of hard tooth tissues than those obtained with unrein- 
forced dental resin When vinylsilane-coated silica (70°) 
was combined with a comonomer solution (30° and the 
material allowed to harden, the hardening shrinkage and the 
coefficient of thermal expansion were decreased and the com- 
pressive strength, the modulus of elasticity, and the resistance 
to indentation were increased relative to direct filling resins. 
Compared with silicate cements, the reinforced resin had 
lower solubility and disintegration in water, was less affected 
bv desiccation, and had higher tensile strength, but lower 
compressive strength 

The same resin filled with silican 
treatment had inferior 
immersion in water 
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Mechanical basis of diffusion, C. Truesdell, J. Chem. Phys 
37, No. 10, 2336-2344 Vov. 1962 

Four types of theory of diffusion are distinguished, presented, 
and compared: kinematical, hydrodynamical, kinetic, ther- 
modynamic \ simple mechanical theory, based upon rec- 
ognizing the diffusive drags as forces that produce motions, 
is shown to include and unify all earlier attempts. In this 
theory a hypothesis of binary drags is formalized and shown 
to lead to the symmetry relations proposed originally by 
Stefan The Onsager relations for pure diffusion are proved 
to be equivalent to Stefan’s relations Known results show 
that these relations hold as a first approximation in the kinetic 
theory of monatomic gas mixtures Whether or not they 
hold in higher approximation is unknown 

Realistic estimates of error, W Youden, J. Instr. Soc. 
im. 8, No. 10, 57-58 (Oct. 1962 

This paper emphasizes that the the error in a 
measurement has meaning only in terms of the use to which 
the measurement is put \ method for the experimental 
estimate of realistic errors is given together with some effi- 
cient methods of tracking down the important sources 
or error In a Measurement, 


concept of 


most 


Gas evolution from metal surfaces during fatigue stressing, 
W. L. Holshouser and J. A Sennett, A Soc. Testing Mater 
Prep int 62 (June 1962 

Numerous bubbles were observed to form under transparent 
yressure-sensitive tape applied to the surface of flat specimens 
stressed in reversed torsion. The bubbles were produced by 
hydrogen evolved at the surface of aluminum alloy or carbon 
steel and appeared to be evidence of surface 
reactions associated with fatigue damage and crack propa- 
gation evolution started any fatigue cracks 
could be detected The effect Was also observed on speci- 
mens stressed in reversed bending, but could not be produced 
by fluctuating stress smaller than that necessary to produce 
cracks nor by a single application of load of any magnitude. 
No gas evolution associated with fatigue damage could be 
observed on specimens of copper, brass, cadmium, nickel, 
stainless steel, tin, titanium, or zinc. The presence of the 
tape retarded the development of fatigue cracks in aluminum 
alloy and carbon steel specimens 


specimens 


Gas before 


Conductive floors, F. L. Hermach, /nitern. Assoc. Elec. In- 
spectors News Bull., pp. 40 July 1962 

Electrically conductive floors are used to minimize hazards 
from electrostatic sparks in munitions plants and hospital 
operating rooms. This paper briefly such floors 


and their function, and discusses the safe limits of resistance. 


describes 


Note on the Kubelka method of measuring water absorption 
of leather, R. L. Hebert and A. &. MeDonell, J. Am. Leather 
Chemists’ LVII, No. 9, 461-496 (Sept. 1962). 

The work done by the Joint ALCA-ASTM Committee on 


Assoc 
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the absorption of water by leather with the Kubelka method 
is described. The data for water absorption by leather 
obtained by two laboratories and an analysis for the precision 
of the Kubelka method are presented. A comparative sta- 
tistical analysis of variance is also shown for the Kubelka 
and the ALCA E-30 methods. The committee decided that 
the results did not justify the adoption of the Kubelka 
method. 


Intercomparisons of laboratory test results, J. 
Instr. Soc. Am. Paper 44-3, 5 pages (1962). 
The presence of experimental error in measurements makes 
it necessary to represent the process in terms of a statistical 
model. Such a model is presented and its use for the charac- 
terization of precision, both within- and between-laboratories, 
is illustrated. 


Mandel. Proc. 


Coatings formed on steel by cathodic protection and their 
evaluation by polarization measurements, W. J. Schwerdtfeger 
and R. J. Manuele, Corrosion 19, No. 2, 59t-68t (Feb. 1963). 
Three steel specimens were continuously exposed in the lab- 
oratory for almost 5 years in city water to which was added 
3 percent by weight of sodium chloride. Two of these 
specimens were under continuous cathodie protection, one 
by current from a zine anode and the other by current from 
a rectifier through a carbon anode. The third specimen 
was left to corrode freely 

As a result of the cathodic protection, carbonates and silicates 
formed protective coatings which eventually reduced the 
current density required for protection from about 5 to 0.02 
ma/ft.? A coated specimen, after being without protective 
current for 32 days (including 12 days out of the salt water), 
required only 0.3 ma/ft.? for initial protection 

The instantaneous corrosion rates on the coated specimens 
(scratched and unscratched) while without protective cur- 
rents were measured by changes-in-slope (breaks) in polari- 
zation curves. The currents at which breaks occurred in 
the cathodic curves were found to be related to AV/A/ 
values from the curves which values in turn bore a relation to 
the corrosion rates as measured by weight loss. 


Variance of radio frequency caused by atmospheric turbulence 
in line-of-sight transmissions, K. A. Norton, E. C. Barrows, 
M.C. Thompson, Jr., and H. B. Janes (/ntern. Conf. Precision 
Electromagnetic Measurements, Boulder, 1962), IRE 
Trans. Instr. I-II, 153 (Dec. 1962). 

The frequency stability of a radio signal propagated over a 
line-of-sight path is reduced by time variations in phase 
velocity along the path. This instability caused by the 
atmosphere will produce errors in frequency measurements 
made by averaging a standard frequency transmission over 
a period of time 7 and also in time interval measurements 
made by counting the number of cycles of the standard fre- 
quency received during a period of time 7. Recent measure- 
ments of the variations in phase of a received signal at 
microwave frequencies permit estimation of both types of 
error as a function of 7. These atmosphere-induced errors 
are compared to the errors inherent in the best currently 
available oscillators and it appears that the latter source 
of error is dominant for line-of-sight paths through the atmos- 
phere. The level and slope of the frequency spectra have been 
observed to vary over wide ranges with time and geographical 
location. The spectral form W(f)~2/3 expected on the basis 
of the Obukhov- Kolmogorov theory of atmospheric turbulence 
has a slope which lies well within the range of observed slopes 
for the range of fluctuation frequencies from one cycle per 
day to one cycle per second. 


( ‘olo., 


Instrument for the continuous measurement of the density 


of flowing cryogenic fluids, C. EF. Miller, R. B. Jacobs, and 
J. Macinko, Rev. Sci. Instr. 34, 24-27 (Jan. 1963). 

This paper describes the development of a new electrome- 
chanical method of measuring the densities of flowing cryogenic 
fluids. The instrument uses a movable section of flow pas- 
sage, vibrated transversely at a constant amplitude and fre- 
quency, as the sensing element. A Dynamometer, inserted 
between the flow passage and driver, continuously measures 
the acceleration reaction (a product of mass and acceleration) 
of the fluid in the passage. A measure of this reaction is 
also a measure of the fluid density in the passage. Perform- 


ance results indicate that the densitometer should be well 
suited for service in liquid oxygen and nitrogen single and two 
phase flow systems, and with only minor changes for use with 
liquid hydrogen. 


Third International Conference on Precision Electromagnetic 
Measurements, W. D. George, Nature 139, No. 4858, 921-929 
(Dec. 8, 1962). 

A summary of the 1962 International Conference on Precision 
Electromagnetic Measurements. 


Measurement of RF peak pulse power by a sampling-com- 
parison method, P. A. Hudson, W. L. Hudson, W. L. Ecklund, 
and A. R. Ondrejka (Jnlern. Conf. Precision Electromagnetic 
Measurements, Boulder, Colo., 1962), IRE Trans. Instr. 
I-II, 280 (Dec. 1962). 

A method is described whereby rf peak pulse power may be 
measured by comparison with cw power at the same fre- 
quency. Comparison is made by first sampling the power in 
a small portion of the rf pulse width and subsequently 
sampling the same portion of the cw signal whose power 
level is accurately known. Sampling is accomplished with 
a fast SPDT coaxial solid-state switch synchronized with the 
rf pulse. A time delay network allows the sample to be taken 
anywhere along the rf pulse width. Estimated maximum 
error for peak power levels to 10 KW is 3%. High ew levels 
are not necessary since the switch is used in conjunction with 
directional couplers to cover the power ranges of interest. 


Radiation of sound by ocean waves, R. K. Cook, Proc. 4th 
Intern. Congress Acoustics, Preprint 043 (Organization 
Committee, Copenhagen, Denmark, 1962). 

Wave trains of finite or semi-infinite length and traveling at 
subsonic speeds on the surface of water can radiate sound 
power into the atmosphere. Radiation integrals for the trains 
are used to compute the amount of atmospheric infrasound 
produced by waves. The computed amounts are 
compared with measured infrasound having periods near five 
seconds. 


ocean 


Calorimetric determination of half-cell 
J. M. Sherfey, J. Electrochem, Soc. 
(Mar. 1963). 

The reversible heat effects (TAS) of half-cell processes 
been measured in a twin calorimeter consisting of a Dewar 
flask divided into two halves by means of a vertical partition. 
Both compartments contain the same electrolyte and each 
has an electrode. A hole in the partition, covered by filter 
paper, permits the passage of electrolytic current between 
the compartments. The total heat effect and the heat duc 
to irreversible phenomena are measured separately for each 
compartment. The difference between these two gives the 
desired reversible heat. 

The half-cells studied include copper in acid copper sulfate, 
silver in acid silver perchlorate, and silver-silver chloride 
in various chloride solutions. The effect of ‘‘transport 
entropies’? on these measurements is outlined. Presently 
accepted theories of the “irreversible’’ or ‘“‘steady-state’’ 
thermodynamics of electrolytic cells predict the equivalence 
of half-cell entropy data obtained by the present calorimetric 
method and data obtained from thermocell studies. This 
predicted agreement was not obtained in the case of the half- 
cell silver-silver perchlorate. 


entropy changes, 
110, No. 3, 213-221 


have 


Measurement and standardization of 
H. E. Bussey and J. E. Gray (Intern. Conf. Precision Electro- 
magnetic Measurements, Boulder, Colo., 1962), IRE Trans. 
Instr. TN--I, 162 (Dec. 1962). 

The selection of a material suitable for use as a standard 
of dielectric properties at microwave frequencies is discussed, 
and tests are described which indicate that a glass and a 
glass-ceramic are satisfactory for such standards. The prob- 
able accuracy of measurement of the real part of the dielectric 
constant is estimated at +0.3°%,. Loss measurements are 
discussed. A correction is developed for the error resulting 
from the small airgap often present around the sample in 
transmission line measuremerts. The effects of humidity 
and temperature variations are examined, and preliminary 
results of measurements to 800 °C are given. 


dielectric samples, 
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Polysulfide sealants, Pt. II. Service Properties, D 
F Roth, and P Stone, Adhesives 1 ge 6, ROT (Mar. 1968). 
The service properties of 28 2-part polysulfide sealants 
normally used as aircraft and spacecraft cabin sealants were 
1. The tensile strength, peel strength, resistance 
to elevated temperatures, resistance to corrosion, and their 
effects on the surface of an acrylic plastic were found to vary 
widely with formulations being excellent in one or 
properties Excellent adhesion was found between some 
of these formulations and such substrates as acrylic plastics, 
glass, aluminum alloys, magnesium alloys, stainless steel and 
titanium, 
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investigat 
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more 


Spectrum analysis of extremely low frequency variations of 
quartz oscillators, W. R. Stkinson, L. Fey, and J. Newman 
Proc. IRE 51, 379 
The Spt ctral der 
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Improved sample holder for X-ray diffractometer furnace, 

| M. Levin and I A. Mauer, J. Am. Ceram. Soc. 46, No. 1, 

59-80 (Jar 1963 

An improved sample 
} ] 


described 


holder for the NBS X-ray furnace is 


Advantages and disadvantages are discussed. 


Pitfalls in determinations of the compressive strength of 
concrete, J. R. Dise, Wod. Concrete 26, No. 3, 48-51 (July 
1962 

Information. about the 
| Strength 

the literature on concrete 


variation in results of com- 
tests of concrete is Ww idely scattered through 
testing Certain portions of this 
nbled and correlated with field 
which should be of inter- 
erhaps benefit, to concrete technicians who have 
opportunity to do this for themselves 


causes of 
TeSSIVE 


wormation have been assel! 


observations in a general discussio1 


Determination of lead in leaded steels by X-ray spectroscopy, 
B. A. Kilday and R. E. Michaelis, Appl. Spectry. 16, No. 4, 
136 “ ] +é 2 
rmination of lead in lead 
highly lependent on pre 
of the tendency 
\ metallographic preparatior 
the abrasive is 


i steel by X-ray 
surface 


toward smearing or re 


spectros- 
preparation 
noval of the 
technique using diamond 
to provide reproducible and 
te results even with large changes in the particle size 
of the lead. This work is part of a cooperative program with 
the United States Steel Corpcration in the preparation of a 
leaded-steel spectrochemical standard. Although certain in- 
both linear and radial, were observed by X-ray 
spectroscopy in the rods tested, suitable material has 
selected for use as the NBS spectroscopic standard. 


Infrasonics, R. K. WUcGraw-Hill 
Technoloc pp. 275-276 (1962 


This is a summary article on 


pel! 


shown 


ra 


homogene ities, 


been 


Cook, Ye arbook of Science «& 


iatural sounds in the atmosphere 
at infrasonic frequencies. The article is based on 

1) STR 2528 in the Dec. 1960 issue of the Technical News 
Bulletin. 

2) NBS Report 7172 on sound waves caused by magnetic 
storms, approved for publication in the Jour. of Geophysical 
Research 

3) 8. K 
India in 1952 


Mitra, ‘““The Upper Atmosphere,’’ published in 


Image-gloss test; Apparatus and procedure, W. N. Harrison, 
P) 


oc. Porcelain Enamel Inst. Forum 23, 154-163 (1962). 
Several improvements in an image-gloss test apparatus and 
procedure are described, some of which provide greater con- 
venience and adaptability. Others yield a large increase in 
reproducibility. The attribute measured is psychophysical 
in nature, involving the observer’s visual response to one 


aspect of gloss; much of the diminution in seatter of test 
results is attributable to the incorporation of testing principles 
that have proven effective in psychophysical research. 
Modifications in the apparatus and procedure make it possible 
to obtain a given precision of a determination with one-fifth 
the man-hours required for observations before the improve- 
ments were made 

Results of a roundrobin test are given. Observations by a 
contingent who did not follow instructions had substantially 
greater scatter than readings on the same specimens made by 
the recommended procedure 


Shear strength of beams without web reinforcement contain- 
ing deformed bars of different yield strengths, R. G. Mathey 
and D. Watstein, J. Am. Inst. 60, No. 2, 183-207 
Feb. 1963). 
The behavior of reinforced concrete beams failing in shear 
was investigated in a series of tests in which the shear span to 
depth ratio and the ratio of reinforcement were varied Six 
types of deformed bars with nominal yield strengths ranging 
from 40,000 to 100,000 psi and different stress-strain charac- 
teristics were used as tensile reinforcement. 
The diagonal tension crack formed in all the beam specimens 
at stresses in the reinforcement which were within the range 
that was essentially elastic. The shear strengths at diagonal 
tension cracking decreased roughly linearly as the corre- 
sponding maximum stresses in the reinforcement increased 
for beams with the .ame shear span to depth ratio 
An empirical formula is presented for estimating the shear 
strength corresponding to the diagonal tension cracking load 
of beams rectangular in cross section without web reinforce- 
ment. The shear strengths developed in the beam specimens 
are compared with values given in the ACI Building Code 
1956) and with values computed from the formula recently 
proposed by the ACI-ASCE Joint Committee on Shear and 
Diagonal Tension (1962). 


Concrete 


Thermometric cells for calibration of liquid-in-glass ther- 
mometers, D P, Enagonio, Book Te mperature, lis Measure- 
ments and Control in Science and Industry 3, Pt. 2, 219-2380 
(Reinhold Pub. Vew York, N.) 1962). 

The freezing temperatures of purified compounds contained 
in sealed glass cells were studied as standards for the calibra- 
tion of mercury-in-glass thermometers. Methods of using 
cells containing phenol, naphthalene, and phthalic anhydride 
for this purpose are given, together with the reproducibility 
of the maximum freezing temperature as measured with 
mercury-in-glass and with platinum resistance, thermometers. 


Cor p.. 


Cryogenic testing of structural solids, R. M. McClintock, 
Ena. Quart 2. Vo 1. 28 35 F¢ h 1962). 

The features of a new tensile cryostat are presented to ex- 
emplify techniques used in the design of equipment and the 
measurement of temperature and strain at low temperatures. 
This cryostat allows tensile testing of metals or plastics at any 
temperature between 4 and 300 °K. 

Typical data illustrative of th 
temperatures are also presented. 


of solids at low 
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Uncertainties in calibrations, W. J IRE Trans. 
Instr. I-II, Nos. 3 & 4, 133-138 Dec. 
This paper the errors in 
under the headings: 

Introduction 

Determination of the Uncertainty 

Specified Comparison Procedure 

How Should the Uncertainty be Stated? 

Discussion 

Summary 


discusses standards 


Associated with 


Experimental determination of the frequency ratio of optical 
harmonics, H. 8. Boyne and W. C. Martin, J. Opt. Soc. Am. 
52, No. &, 880-884 (Aug. 1962). 

The frequency ratio of the fundamental 6940 A radiation from 
a pulsed ruby optical laser and the second harmonic generated 
piezoelectric crystals has been investigated by comparing the 
wavelengths of the first and second harmonics with known 
thorium spectral lines on photographs taken with a 15,000- 
lines: per-inch grating spectrometer. 

Two piezoelectric crystals, potassium dihydrogen phosphate 
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and quartz, and one ferroelectric crystal, triglycine sulfate, 
were used to generate the second harmonic. In each case the 
generated second harmonic is twice the frequency of the pri- 
mary radiation to within the limits imposed by the line 
width of the primary radiation and the resolution of the 
instrument. These restrictions limit the accuracy of the 
experiment to +3 parts per million (ppm) for KDP, +6 ppm 
for quartz, and t ppm for TGS. Some spectral character- 
istics of high energy pulses from the ruby optical laser as they 
might affect this experiment are given. 


Energy use and power demands ip all-electric houses equipped 
with air-to-air heat pumps, J. C. Davis and P. R. Achenbach, 
ASHREA J 4, No. 9, 87-95 (Sepi 1962 

An analysis was made of metered electrical-energy usage and 
power demand for all purposes in 16 sample houses from a 
total of 1,535 houses constructed at Little Rock Air Force 
Base. The energy used for cooling and heating by the air-to- 
air heat pumps installed in these houses and the effect of the 
electrical energy used by other appliances on the heating and 
cooling loads of the houses were of primary interest. The 
data from the sample houses showed an average annual energy 
usage of 25,300 kwh per house, of which about half was used 
by the heat pump and its auxiliary resistance heaters, about 
one-fourth for water heating, and the remainder for the electric 
range and miscellaneous devices. The electrical energy used 
for heating and cooling each averaged about 2 kwh/degree- 
day per thousand square feet of inside floor area, using a 65 °F 
base for determining the degree-days in each case. It was 
found that the energy used by appliances, other than the 
heat pump, which contributed toward heating the house was 
about half the amount used by the heat pump during the 
winter months. The analysis revealed that the monthly 
maximum power demand for the entire housing area was 
probably caused by a moderately high sustained demand in 
many houses rather than a coincidence of the maximum de- 
mands in a smaller number of houses. 


Ferroelectric switching and the Sievert integral, P. H. Fang 
and I. R. Stegun, J. Appl. Phys. 34, No. 2, 284-286 (1963). 
A connection between some ferroelectric switching functions 
and the Sievert integral is established. Switching functions 
of Landauer ef al. and of Franklin are computed and discussed. 


Temperature dependence of elastic constants of vitreous 
silica, S. Spinner, J. Am. Ceram. Soc. 45, No. 8, 394 (Aug. 
1962). 

The relation between the elastic moduli and temperature 
from room temperature to about 1300 °C was determined for 
a group of vitreous silica specimens by a dynamic resonance 
method. All the curves were approximately parabolic in 
shape reaching a maximum near 1050° to 1200° C At the 
maximum value, Young’s modulus was more than 11°7, higher 
and the shear modulus was about 9°7 higher than their room- 
temperature values ratio was then computed 
to rise from about \% at temperature to about 4 at 
the temperature of maximum elastic modulus. Small but 
significant differences were observed in the temperature- 
modulus curves for specimens from different sources. These 
differences were found to be related to differences in the in- 
frared transmission curves, 


Poisson Ss 


room 


On the realistic measurement of precision and accuracy, 
C. Eisenhart, JSA Proc. Eighth Natl. Aero-Space Instrumen- 
tation Symp., Wasi D.C., pp. 75-83 (May 1962). 

The nature and objectives of measurement. Measurement 
as a production Measurement processes as reali- 
zations of methods of measurement. Essential features of 
the correction of measurements; of the adjustment of measure- 
ments. The concepts of limiting mean, true value, bias, 
precision, and accuracy. The strong law of large numbers 
and mathematical formulation of the bias and the precision 
of a measurement Importance of being clear on 
exactly what variations of procedure, apparatus, observers, 
and environmental conditions are allowable in ‘‘repeated”’ 
applications of what is to be considered the same measurement 
process (or, the same method of measurement) applied to 
measurement of the same quantity under the same conditions. 
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process. 
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Other NBS Publications 


Journal of Research 67A (Phys. and Chem.), No. 3 

June 1963) 70 cents. 

An absolute calibration of the National Bureau of Standards 
Thermal Neutron Flux. E. J. Axton See 
stract.) 

Absorption bands of carbon dioxide from 5.3 to 4.6 microns 

G. Maki, EK. K. Plyer, and R. J. Thibault 

Infrared spectrum of the »,.—v», band of C'%C!*H Ww. -d. 
Lafferty and EK. K. Plyler 

Self-broadening of carbon monoxide in the 2» 
Kk. K. Plyler and R. J. Thibault 

Thermodynamic properties of polyethylene 
paraffin data M. G. Broadhurst 

Spectrophotometric determination of the thermodvnamic 
pK value of picric acid in water at 25 °C. M. M. Davis 
and M. Paabo 

Purity analysis of highly purified materials by time-tempera- 
ture cryometry G. § and H. DD. Dixon. (See 
above abstract 

Synthesis of isomers of eugenol. G. M. Brauer, R. W 
Morris, and W. B. Howe See above abstract 

Analysis of families of curves. J. Mandel and F. L. Me- 
Crackin See above abstract 

A controlled atmosphere chamber > L 
Johannsen See above abstract 


Math. and Math. Phys.), 


May- 


above ab- 


and ov bal ds 


predicted from 


toss 


Gordon and R. B 


Journal of Research, 67B 

(Apr.-June 1963), 75 cents. 

Maximum cellular Boolean functions and 
codes A. J. Goldman and B. K. Bender 

The meaning of Betti’s reciprocal theorem C 
(See above abstract 

Effect of molecular weight on 
polymers as predicted by a molecular 
and R. 8S. Marvin. abstract 

Selected bibliography of statistical literature: 
1958-1960. L. S. Deming 


No. 2 


Gra\ 


pert *T 
True S le l 


viscoelastic properties of 
theory H. Oser 
(See above 


supplement 


Journal of Research 67D 
1963), 70 cents. 
Effects of radio wave 

6300 A ares s. 

Comparison of observed atmospheric radio refraction effects 
with values predicted through the use of surface weather 
observations B. R. Bean and G. D. Thaver 

lonospheric scattering effects in long-distance propagation. 

H. A. Whale. 

Concerning solutions of the VLF mode problem for 
tropic curved ionosphere J. R. Wait 

On the statistical theory of electromagnetic 
fluctuating medium (1). K. Furutsu. See 
stract 

teception of 

Andersen 
Analysis and synthesis of nonuniform transmission lines o1 

stratified layers. G Latmiral, G Franceschetti, 

R Vincigue rra See above abstract 
fesonant characteristics of a corrugated 
Wait and C. M. Jackson 

Impedances of long antennas in air and in dissipative medi: 

D. W. Gooch, C. W. Harrison, Jr., R. W. P. King, 

t. 3. Wu 
teflection of 

ionosphere 


model. J.R 


Radio Prop.), No. 3 (May-June 


propagation through mid-latitude 


toach. 


an aniso- 


waves I! i 


above ab- 


skywave signals near a _ coastline 


sphers 


VLF radio waves from an inhomogeneous 
Part I. Exponentially varying isotropic 


Wait and L. C. Walters 


Journal of Research 67D (Radio Prop.), No. 4 

1963) 70 cents. 

Influence of the lower ionosphere on propagation of 
waves to great distances. J. R. Wait. 

Comments on a paper “Auroral Sporadic-E Ionization” by 
tobert D. Hunsucker and Leif Owren. J. M. Bullen and 
G. A. M. King. 

Reply to J. M. Bullen and G. A. M. King’s ‘‘Comments on a 
paper ‘Auroral Sporadic-E Ionization’ by R. D. Hunsucker 
and L. Owren.”” R. D. Hunsucker and L. Owren. 

Optimum reception pattern of the Beverage wave antenna 
at very low frequencies. E. W. Seeley. 


July—Aug. 


VLF 





Effect of a dissipative medium of finite size on antenna 
measurement. K. lizuka and R. W. P. King 

Some implications of aircraft interference patterns in tropo- 
scatter reception. J. A. Bradshaw 

Asymptotic behavior of the current on an infinite cylindrical 
antenna. K. S. Kunz See above abstract 

A dipole approximation of the backscattering from a con- 
ductor in a semi-infinite dissipative medium. M. B. 
Kraichman. 

Small electric and magnetic ant 


nnas with cores of a lossy 
dielectric J Galejs. 


Che thermodynamic properties of nitrogen from 114 to 540 °R 
between 1.0 and 3000 psia, Supplement A (British units), 
T. R. Strobridge. NBS Tech Note 129A (Feb. 1963), 50 
cents 

Fading correlation bandwidth and short-term frequency sta- 
bility measurements on a high-frequency transauroral path, 
J. L. Auterman, NBS Tech. Note 165 (Oct. 1962), 40 cents. 

Profiles of electron density over the magnetic equator obtained 
using the incoherent scatter technique, K. L. Bowles et al., 
NBS Tech. Note 169 Mar. 16, 1963 , 25 cents 

Lectures on ion-atom collisions, M. R. C. MeDowell, 
Tech. Note 185 (Mar. 15, 1963), 40 cents 

rransmission and reflection of electrons by aluminum foils, 
M. J. Berger, NBS Tech. Note 187 (April 1, 1963), 15 cents. 

The following National Bureau of Standards Technical Note 
s available by purchase from the Office of Technical Serv- 
ices, U ‘e De partment of Comme ree, W ashington 25, D C. 

order by PB number 

An atlas of whistlers and VLF emissions, 
spectra from Boulder, Colo., D. L 
J M Watts, and D N Fraz 
PB181454 Jan. 1963), $2.25 

Heats of formation of two isom« 
Armstrong and S 
169-172 (Jan. 1963 

Intramolecular rearrangements. \ 


NBS 


please 
A survey of VLF 
Jones, R. M. Gallet, 
NBS Tech. Note 166 


rs of difluorodiazine, G. T. 
Marantz, J. Chem. Phys. 38, No. 1, 


Formation of ethylene in 
the photolvsis of ethvl acetate from 4 to 500° K. P. Ausloos 
and R. E. Rebbert, J. Phys. Chem 67, No. 1, 163-167 (Jan. 
1963 

The evolution of a 
Conf. Precision Electromagnetic 
Colo., 1962), Trans. IRE Instr. I-TI, 82 (Dee. 1962). 

Infrared absorptior spectra of BoOs. BO... and Bt » in solid 
argon matrices, A. Sommer, D. White, M. J. Linevsky, and 
D. E. Mann, ». Chem. Phys. 38, No. 1, 87-98 (Jan. 1963). 

The collaborative Assoc. Office. Agric. 


conference, J. M. Richardson (Intern 


Measurements, Boulder, 


test, W. J. Youden, J 
Chem. 46, 55-62 (Feb. 1963 

Ionic interactions with sugar colorant during char filtration, 
F. G. Carpenter, D. Larry, and V. R. Dietz. Proce. 7th 
Tecl on Bone Char 1961, p. 259 (Bone Cha 
Research Project Inc., Charlestown, Mass. 1962). 

Heat transfer between a ervo-surface and a controlled atmos- 
phere. Part I. Experimental investigation, R. J. Richards, 
K. Edmonds, and R. B. Jacobs, Intern. Inst. Refrigeration, 
Suppl Bull. Inst. Froid, pp. 1-22 (1962). 

Microscopy of color phenomena in polymer fracture, S. B. 
Newman and I. Wolock, Proce Svmp. Adhesion and Cohe- 
sion, pp. 218-239 (Elsevier ibl. Co., Amsterdam, The 

etherlands, 1963 


Session 


~ 


rules for vibrational-rotational energy levels including 


centrifugal distortion, H. C. Allen, Jr., and W. B. Olson, 

J. Chem. Phys. 37, No. 2, 212-214 (July 15, 1962). 

Studies of within-the-horizon propagation at 9300 Me, A. P. 
sarsis, A. F. Barghausen, and R. 8S. Kirby, IEEE Trans. 
Ant Prop AP-11, 24-38 (Jan. 1963). 

Dosimetry Chemical and film media, M. Ehrlich, 
Technology Needs for Reduction of Patient 
Diagnostic Radiology, Ed., M. L. Janower, pp. S1-100 
Charles C Thomas Publ. Co., Springfield, Tll., 1962). 

Some problems in temperature measurements from line spec- 
tra, J. T. Jefferies, Book, Temp ratures: Its Measurement 
and Control in Science and Industry 3, Pt. 1, 703-711 
Reinhold Publ. Corp., New York, N. Y., 1962). 

Direct observation of charge storage in the surface states of 

silicon, G. G. Harman, R. L. Raybold, and O. I. Mever. 

J. Appl. Phys. 34, No. 2, 380-382 (Feb. 1963). 


Book, 


Dosage from 
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The aurora and trapped electrons. F. E. 


Confidence limits for the reliability of complex systems, J. R. 
Rosenblatt, Book, Statistical Theory of Reliability, Ed., M. 
Zelen, pp. 115-148 (Univ. of Wisconsin Press, Madison, 
Wisc., 1963). 

Improved zine oxide-eugenol type cements, G. M. Brauer, L. 
Simon, and L. Sangermano, J. Dental Res. 41, No. 5, 
1096-1102 (1962). 

Some early results from the ionospheric topside sounder satel- 
lite, R. W. Knecht and T. E. VanZandt, Nature 197, 641 
644 (Feb. 16, 1963). 

Decibels return loss to magnitude of voltage reflection co- 
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